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Description 



[0001] The present invention relates to substituted pyrroles. More particularly, the invention is concerned with com- 
pounds of the general formula 
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(CHjU C— (CH 2 ) q =X (CH 2 ) p R 1 

CH \z 

L 
R 3 



25 

wherein R 1 and R 3 together form a bond and R 2 represents hydrogen or R 1 and R 2 together form a bond and R 3 
represents hydrogen; R 4 , R 5 , R 6 and R 7 each independently represent hydrogen, halogen, alkyl, haloalkyl, alkoxy, 
nitro, amino, alkanoylamino, aroytamino, alkytthio or alky (sulphonyl; R 8 represents hydrogen, alkyl or aralkyl; X rep- 
resents -N(R 9 )- or -CHN(R 10 ,R 11 )- in which R 9 , R 10 and R 11 each represent hydrogen, alkyl, aralkyl or alkanoyl; m 
30 stands for 0-2 and n stands for 1 -3, with the proviso that the sum of m and n is 1-3; p stands for 0-4 and q stands 
for 0-4, with the proviso that the sum of p and q is 2-4 when X represents -NfR 9 )-, that the sum of p and q is 1-5 
when X represents -CHN(R 10 ,R 11 )- and R 1 and R 2 together form a bond, that the sum of p and q is 0-4 when X 
represents -CHN(R 10 ,R 11 )- and R 1 and R 3 together form a bond and that p stands for 1-4 when X represents - 
N(R 9 )-, R 1 and R 3 together represent a bond and m stands for 0, 

35 

the term "alkyl", alone or in combination, designating a straight-chain or branched-chain alkyl group containing a max- 
imum of 7 carbon atoms, the term "alkanoyl", alone or in combination, designating an alkanoyl group derived from an 
alkanoic acid containing a maximum of 7 carbon atoms, the term "aralkyl" designating an alkyl group as defined above 
40 in which one of the hydrogen atoms is replaced by a phenyl group or a phenyl group carrying one or more substhuents, 
and the aroyl moiety of an aroylamino group being derived from an aromatic carboxylic acid which can be optionally 
substituted, as well as pharmaceutical^ acceptable salts of acidic compounds of formula I with bases and of basic com- 
pounds of formula I with acids. 

[0002] The compounds in EP-A 0 384 349, 0328 026 and 0 397 060, and in Chem. Abs. 1990, 113, 97381 n differ 
45 from the above compounds of formula I and from the intermediates of formula 1 1 below by the fact that either R 1 and R 2 , 
or R 1 and R 3 together form a bond, building a further cycle, of which the known compounds are devoid and, which is 
either a spirocycle or a further condensed cycle attached to the saturated azacycloindole residue. 
[0003] Objects of the present invention are the compounds of formula I and their aforementioned salts per se and as 
therapeutically active substances; a process for the manufacture of said compounds and salts and novel intermediates 
so useful in said process; medicaments containing said compounds and salts and the manufacture of these medicaments; 
and the use of said compounds and salts in the control or prevention of illnesses, especially in the control or prevention 
of inflammatory, immunological, oncological, bronchopulmonary, dermatological and cardiovascular disorders, in the 
treatment of asthma, AIDS or diabetic complications or for the stimulation of hair growth, or for the manufacture of a 
medicament against inflammatory, immunological, oncological, bronchopulmonary, dermatological and cardiovascular 
55 disorders or against asthma, AIDS or diabetic complications or for the stimulation of hair growth. 

[0004] As used herein, the term "alkyl", alone or in combination, means a straight-chain or branched-chain alkyl group 
containing a maximum of 7, preferably a maximum of 4, carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, 
sec. butyl, tert. butyl, pentyl and the like. The term "alkoxy", alone or in combination, means an alkyl group as defined 
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earlier which is attached via an oxygen atom, examples of alkoxy groups being methoxy, ethoxy t propoxy, isopropoxy, 
butoxy, tert.butoxy and the like. A haloalkyl group can carry one or more halogen atoms, with examples of such groups 
being chloromethyl, trifluoromethyl etc. The term "alkanoyi", alone or in combination, means an alkanoyl group derived 
from an alkanoic acid containing a maximum of 7, preferably a maximum of 4, carbon atoms, e.g. formyl, acetyl, propi- 

5 onyl, butyryl etc. TTie term "aralkyl" means an alkyl group as defined earlier in which one of the hydrogen atoms is 
replaced by a phenyl group or a phenyl group carrying one or more substituents selected from e.g. halogen, alkyl, 
haloalkyl and hydroxy, e.g. benzyl, p-chlorobenzyl, p-tolyl, 2 -phenyl ethyl etc. The aroyl moiety of an aroytamino group 
is derived from an aromatic carboxylic acid which can be optionally substituted by alkyl, alkoxy, halogen and the like, 
e.g. benzoyl, p-toluoyl, p-methoxybenzoyl, o- or p-chlorobenzoyl, 1- or 2-naphthoyl etc. The term "halogen" means flu- 

10 orine, chlorine, bromine or iodine. 

[0005] When the compounds of formula I contain a chiral carbon atom they can be present in racemic or optically 
active form. The present invention includes within its scope not only the racemic compounds; but also the optically 
active isomers. 

[0006] One preferred class of compounds of formula I comprises those in which R 1 and R 3 together form a bond and 
is R 2 represents hydrogen, X represents -NJR 9 )- and m, n, p and q each stand for 1. Another preferred class of com- 
pounds of formula I comprises those in which R 1 and R 2 together form a bond and R 3 represents hydrogen, X repre- 
sents -N(R 9 )-, m, n and q each stand for 1 and p stands for 2. R 4 , R 5 , R 6 ( and R 7 each preferably represent hydrogen. 
R 8 preferably represents alkyl, especially methyl. R 9 preferably represents hydrogen or aJkyl, especially hydrogen or 
methyl. Preferably, R 10 and R 1 1 each represent hydrogen or each represent alkyl, especially methyl. 
20 [0007] Other interesting classes of compounds of formula I comprise those in which: 

(i) R 1 and R 3 together form a bond and R 2 represents hydrogen, Y represents -N(R 9 )- and m, n and q stand for 1 
and p stands for 3; 

25 (ii) R 1 and R 3 together form a bond and R 2 represents hydrogen, Y represents -CHN(R 10 ,R 1 1 )- and m and n each 
stand for 1 and p and q each stand for 0 or m and q each stand for 0, n stands for 2 and p stands for 3; 

(iii) R 1 and R 2 together form a bond and R 3 represents hydrogen, X represents -NfR 9 )- and m, n and q stand for 1 
and p stands for 3; and 

30 

(iv) R 1 and R 2 together form a bond and R 3 represents hydrogen, X represents -CHN(R 10 ,R 11 )- and m and q each 
stand for 0, n stands for 2 and p stands for 1 or m and n each stand for 1 , p stands for 3 and q stands for 0 or m, n 
and p each stand for 1 and q stands for 0. 

35 [0008] Especially preferred compounds of formula I hereinbefore are: 

3-[67A9-Tetrahydrospiro[pyrido[1,2^ 

cis-3-[2,3,3a,4,1 1 ,1 1a-hexahydro-2-methyl-1 H-pyrroloP'.^SJpyridop ,2-a]indol-1 0-yl]-4-(1 -methyl -3 -indolyl)-1H- 
pyrrole-2,5-dione and 

40 trans-3-[2,3,3a,4,1 1,11 a-hexahydro-2 -methyl- 1 H-pyrrolo[3\4*:4,5]pyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyl-3-indolyl)- 
1H-pyrrole-2,5-dione. 

[0009] According to the process provided by the present invention, the compounds of formula I as well as pharma- 
ceutically acceptable salts of acidic compounds of formula I with bases and of basic compounds of formula I with acids 
45 are manufactured by 

(a) reacting a compound of the general formula 
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wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 f R 8 , m, n. p and q have the significance given earlier and X* represents -N(R 9 *)- 
20 or -CHN(R 10 ,R 11 )- in which R 9 ', R 10 and R 11 each represent hydrogen, alkyl, aralkyl, alkanoyl, alkoxycarbonyl or 
aryloxycarbonyl, 

with ammonia under pressure or with hexamethyldisilazane and methanol and, where required, cleaving off any 
alkoxycarbonyl or aralkoxycarbonyl group(s) present in the reaction product, or 

25 (b) for the manufacture of a compound of formula I in which R 8 represents hydrogen, debenzylating a compound of 
formula I in which R B represents benzyl, and 

(c) if desired, converting an acidic compound of formula I into a pharmaceutically acceptable salt with a base or 
converting a basic compound of formula I into a pharmaceutically acceptable salt with an acid. 



[001 0] The alkoxycarbonyl or aralkoxycarbonyl group which can be present as R 9 , R 10 or R 1 r in the starting material 
of formula II is preferably the tert.butyloxycarbonyl or benzyloxycarbonyl group, respectively. 
[001 1] The reaction of a compound of formula II with ammonia under pressure in accordance with embodiment (a) of 
the process is conveniently carried out using aqueous ammonia, preferably 33 % aqueous ammonia, and in the pres- 

35 ence of a water-miscible inert organic solvent such as DMF (dimethylformamide). The reaction is preferably carried out 
at an elevated temperature, for example a temperature in the range of about 100°C to about 150°C. 
[0012] The reaction of a compound of formula II with hexamethyldisilazane and methanol, also in accordance with 
embodiment (a) of the process, is preferably carried out in DMF at about room temperature or in acetonitrile at about 
room temperature to about 82°C. However, it can also be carried out in a haiogenated hydrocarbon, e.g. chloroform, 

40 carbon tetrachloride or chlorobenzene, or an aromatic hydrocarbon, e.g. benzene, toluene or xylene, and at an elevated 
temperature, e.g. about 40°C to 110°C. 

[001 3] The cleavage of any alkoxycarbonyl or aralkoxycarbonyl group(s) which may be present in the reaction product 
can be carried out in a manner known per se. For example, the cleavage can be carried out using a mineral acid such 
as hydrochloric acid in an inert organic solvent such as an ether, e.g. THF (tetrahydrofuran) or dioxan, an alkanol, e.g. 
45 methanol or ethanol, or a haiogenated especially chlorinated, hydrocarbon, e.g. methylene chloride, and the like or 
using trif luoroacetic acid. The cleavage is suitably carried out at a temperature between about 0°C and room tempera- 
ture. 

[0014] The debenzylation of a compound of formula I in which R 8 represents benzyl in accordance with embodiment 
(b) of the process to give a compund of formula I in which R 8 represents hydrogen can be carried out in a manner known 

so per se. Thus, the debenzylation can be carried out using hydrogen in the presence of a suitable catalyst, e.g. a palla- 
dium catalyst which may be supported on a carrier material such as palladium/charcoal, and in an inert organic solvent, 
e.g. an alkanol such as methanol or ethanol, conveniently at ambient temperature and under atmospheric pressure. 
[001 5] The conversion of an acidic compound of formula I into a pharmaceutically acceptable salt in accordance with 
embodiment (c) of the process can be carried out by treatment with a suitable base in a manner known per se. Suitable 

55 salts are those derived not only from inorganic bases, for example, sodium salts, potassium salts, calcium salts and the 
like, but also from organic bases, for example ethylenediamine, monoethanolamine, diethanolamine and like salts. The 
conversion of a basic compound of formula I into a pharmaceutically acceptable salt, also in accordance with embodi- 
ment (c) of the process, can be carried out by treatment with a suitable acid in a manner known per se. Suitable salts 
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are those derived not only from inorganic acids, for example, hydrochlorides, hydrobromides, phosphates, sulphates 
and the like, but also from organic acids, for example acetates, citrates, fumarates, tartrates, maleates, methanesulpho- 
nates, p-toluenesulphonates and the like. 

[001 6] The compounds of formula II which are used as starting materials in embodiment (a) of the process are novel 
5 and also form an object of the present invention. They can be prepared, for example, by reacting a compound of the 
general formula 



15 




20 | 

wherein R 1 , R 2 , R 3 , m, n t p, q and X* have the significance given earlier, 
25 with oxalyl chloride and reacting the resulting compound of the general formula 
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i 3 



45 wherein R 1 , R 2 t R 3 , m, n, p, q and X* have the significance given earlier, 
with a compound of the general formula 
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HOOC 




wherein R 4 , R 5 , R 6 , R 7 and R 8 have the significance given earlier, 

and, if desired, cleaving off any alkoxycarbonyl or aralkoxycarbonyl group(s) present in the reaction product and, 
also if desired, alkylating, aralkylating or alkanoylating the product obtained. 

[0017] The reaction of a compound of formula III with oxalyl chloride is conveniently earned out in an inert organic 
solvent such as a halogenated aliphatic hydrocarbon, e.g. dichloromethane etc, at a temperature between about -78°C 
and the reflux temperature of the reaction mixture, preferably at about -78°C to about 0°C. 

[0018] The reaction of a compound of formula IV with a compound of formula V is preferably carried out in the pres- 
ence of an acid-binding agent, expediently a tertiary amine such as a trialkylamine, e.g. triethylamine, diisopropylethyl- 
amine etc, and in an inert organic solvent such as a halogenated aliphatic hydrocarbon, e.g. dichloromethane etc, at 
about room temperature. In a preferred procedure a compound of formula IV is reacted in situ with a compound of for- 
mula V. 

[001 9] The optional cleavage of any alkoxycarbonyl or aralkoxycarbonyl group(s) which may be present in the reaction 
product can be carried out in the same manner to that described earlier in connection with the cleavage of these groups 
from a reaction product obtained according to embodiment (a) of the process. 

[0020] The optional alkylation, aralkylation or alkanoylation after the cleavage of any alkoxycarbonyl or aralkoxycarb- 
onyl group(s) can be carried out according to methods known per se. Suitably the alkylation or aralkylation is carried 
out by reductive alkylation or reductive aralkylation. 

[0021] The compounds of formulae III and V hereinbefore are known compounds or analogues of known compounds 
which can be prepared in a similar manner to the known compounds. Further, the Examples hereinafter contain 
detailed information containing the preparation of compounds of formula III. 

[0022] The compounds of formula I and their pharmaceutical^ acceptable salts are protein kinase inhibitors; they 
inhibit cellular processes, for example cell proliferation and secretion, and can be used in the control or prevention of 
illnesses, for example in the control or prevention of inflammatory disorders such as arthritis, immune diseases, psoria- 
sis, contact dermatitis, in conjunction with organ transplants and also in oncology. They inhibit infection of cells with 
human immunodeficiency virus or Epstein-Barr virus and are thus useful in the treatment of AIDS and infectious mono- 
nucleosis. The compounds and salts of the present invention also inhibit smooth muscle contraction and can therefore 
be used against cardiovascular and bronchopulmonary disorders. Further, they are also useful in asthma therapy. The 
present compounds and salts also inhibit platelet aggregation and can be used in the control or prevention of thrombo- 
sis. Further, they inhibit the release of mediators from activated neutrophils and can therefore be used to control ischae- 
mic damage, e.g. in the heart or brain. Again, they inhibit neurotoxicity induced by elevated glucose levels and are thus 
useful for the treatment of diabetic complications. Finally, the present compounds and salts stimulate hair growth and 
can therefore be used to prevent or repress baldness. 

[0023] The activity of the present compounds in inhibiting protein kinase C can be demonstrated by means of the in 
vitro test procedure described in Biochem. and Biophys. Research Comm. 19 (1979) 1218. 

[0024] The IC 50 values in the following Table are that concentration of test compound which reduces by 50% the pro- 
tein kinase-induced incorporation of 32 P from [y- 32 P]ATP into hi stone. 



Table 


Product of Example No. 


IC5o(nM) 


1 


40 


6 


30 


14 


7 
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[0025] The compounds of formula I and their aforementioned salts can be used as medicaments, for example, in the 
form of pharmaceutical preparations. The pharmaceutical preparations can be administered orally, for example in the 
form of tablets, coated tablets, dragees, hard and soft gelatine capsules, solutions, emulsions or suspensions. However, 
they can also be administered rectally (e.g. in the form of suppositories) or parenterally (e.g. in the form of injection solu- 
5 tions). 

[0026] For the manufacture of pharmaceutical preparations the compounds of formula I and their aforementioned 
salts can be formulated with therapeutically inert, inorganic or organic carriers. Lactose, maize starch or derivatives 
thereof, talc, stearic acid or its salts and the like can be used, for example, as such carriers for tablets, coated tablets, 
dragees and hard gelatine capsules. Suitable carriers for soft gelatine capsules are, for example, vegetable oils, waxes, 

w fats, semi-solid and liquid polyols and the like. Depending on the nature of the active substance no carriers are, how- 
ever, generally required in the case of soft gelatine capsules. Suitable carriers for the manufacture of solutions and syr- 
ups are, for example, water, polyols, saccharose, invert sugar, glucose and the like. Suitable carriers for injection 
solutions are, for example, water, alcohols, polyols, glycerine, vegetable oils and the like. Suitable carriers for supposi- 
tories are, for example, natural or hardened oils, waxes, fats, semi-liquid polyols and the like. 

is [0027] The pharmaceutical preparations can also contain preserving agents, solubilizing agents, stabilizing agents, 
wetting agents, emulsifying agents, sweetening agents, colouring agents, flavouring agents, salts for varying the 
osmotic pressure, buffers, coating agents or antioxidants. They can also contain still other therapeutically valuable sub- 
stances. Medicaments containing a compound of formula I or a salt thereof as defined above and a therapeutically inert 
carrier as well as a process for the manufacture of such medicaments are also objects of the present invention. This 

20 process comprises bringing a compound of formula I or a salt thereof as defined above into a galenical administration 
form together with a therapeutically inert carrier material and, if desired, one or more other therapeutically active sub- 
stances. 

[0028] As mentioned above, the compounds of formula I and their aforementioned salts can be used in the control or 
prevention of illnesses, especially in the control or prevention of inflammatory, immunological, bronchopulmonary, der- 
25 matological and cardiovascular disorders, for the treatment of asthma, AIDS or diabetic complications or for the stimu- 
lation of hair growth. The dosage can vary within wide limits and will, of course, be adjusted to the individual 
requirements in each particular case. In general, in the case of oral administration to adults, a daily dosage of about 5 
mg to about 500 mg should be appropriate, although the upper limit may be exceeded when this is found to be expedi- 
ent The daily dosage can be administered as a single dose or in divided doses. 

30 

Example 1 
[0029] 

35 (A) A mixture of 4.09 g of 1 ,1 ,1 ,3,3,3-hexamethyldisilazane and 0.41 g of methanol was added to a solution of 1 .40 
g of 3-[1'-(tert.butoxycarbonyl)-7,9^ 

indolyl)furan-2,5-dione in 25 ml of dry DMF and stirred for 16 hours. The mixture was poured into 100 ml of water 
and extracted with ethyl acetate. The ethyl acetate extracts were washed with sodium chloride solution, dried and 
concentrated. There were obtained 820 mg of 3-[r-(tert.butoxycarbonyt)-7,9<iihydrospiro[pyrido[1,2-a]indole- 
40 8(6H),3 , -pyrrolidin]-10-yl]-4-(1-methyl-3-indolyl)- 1H-pyrrole-2,5-dione after chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution. 

(B) A solution of 780 mg of the product of (A) in 100 ml of dichloromethane was treated at 0°C with 5 ml of trifluor- 
oacetic acid and the mixture was stirred for 2 hours. The solvent was removed under reduced pressure and the res- 
45 idue was chromatographed on silica gel using chloroform/methanol/acetic acid/water (60:185:3) for the elution. 
There were obtained 145 mg of S-iej.S^-tetrahydrospiroODyridoII^-ajindole-S.S'-pyrrolidin-IO-yll^-tl-methyl-S- 
indolyl)-pyrrole-2,5-dione trifluoroacetate of melting point 177-180°C. 

[0030] The furandione starting material was prepared as follows: 

50 

(i) 1 .3 g of sodium hydride were added over 0.5 hour to a stirred, ice-cold solution of 12.85 g of ethyl 6,7-dihydro- 
9-hydroxypyrido[1,2-a]indole-8-cart>oxy1ate in 200 ml of DMF and the mixture was stirred for a further 0,5 hour. A 
solution of 9.2 g of ethyl bromoacetate in 50 ml of DMF was added dropwise to the cooled mixture. After a further 
3 hours at room temperature the mixture was poured into 1 .5 1 of water and extracted with diethyl ether. The ethe- 

55 real extracts were washed with water, dried and concentrated to give 1 6.3 g of ethyl 8-(ethoxycarbonyl)-6,7,8,9-tet- 
rahydro-9-oxopyrido[1,2-a]indole-8-acetate. 

(ii) A solution of 4.2 g of the product of (i) in 100 ml of ethanol was treated with a suspension of Raney nickel in 
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water and the mixture was heated at reflux for 4 hours. The cooled mixture was filtered and the residue was washed 
with ethyl acetate. The filtrate was extracted with ethyl acetate. The ethyl acetate solution was dried and the solvent 
was removed under reduced pressure to give 3.0 g of ethyl 8-(ethoxycaitonyl)-6,7,8,9-tetrahydropyrido[1,2- 
a]indole-8-acetate. 

5 

(iii) 3.0 g of the product of (ii) were added to a solution of 1.4 g of sodium hydroxide in 100 ml of ethanol and the 
mixture was heated under reflux for 2 hours. The cooled mixture was filtered and the residue was dissolved in 100 
ml of water and acidified with 2M hydrochloric acid. The resulting precipitate was filtered off, washed with water and 
dried. There were obtained 1.7 g of 8-carboxy-6,7,8,9-tetrahydropyrido[1 t 2-a]indole-8-acetic acid. 

10 

(iv) A mixture of 100 mg of 8-carboxy-6,7,8,9-tetrahydropyrido[1,2-a]indoIe-8-acetic acid and 69 mg of ammonium 
carbonate was heated at 200°C for 1 hour. After cooling and chromatography on silica gel using dichlorometh- 
ane/methanol (9:1) for the elution there were obtained 64 mg of 7,9-dihydrospiro[pyrido[1 t 2-a]indole-8(6H) l 3 , -pyr- 
rolidine]-2',5'-dione. 

15 

(v) A solution of 100 mg of 7,9-dihydrospiro[pyrido[1 ^-alindole-SpHJ.S'-pyiTolidinel^S'-dione in 10 ml of THF was 
added dropwise to a suspension of 152 mg of lithium aluminium hydride in 20 ml of THF. After completion of the 
addition the mixture was heated at reflux for 20 hours. 20 ml of water were added to the cooled mixture and the 
resulting mixture was extracted with diethyl ether. The ethereal extracts were washed with water, dried and concen- 

20 trated. There were obtained 62 mg of 7,9-dihydrospiro[pyrido[1 ,2-a]indoIe-8(6H),3-pyrrolidine]. 

(vi) A solution of 680 mg of 7,9-dihydrospiro[pyrido-[1 ( 2-a]indole-8(6H) ^'-pyrrolidine] in 20 ml of dichloromethane 
was added dropwise to an ice-cold solution of 660 mg of di-tert.butyl dicarbonate and 300 mg of triethylamine in 25 
ml of dichloromethane. After completion of the addition the mixture was stirred for 16 hours and washed in succes- 

25 sion with dilute hydrochloric acid, saturated aqueous sodium bicarbonate solution and water. The organic phase 
was dried and concentrated to give a gum which, upon trituration with n-hexane, gave 71 1 mg of 1 '-(tert.butoxycar- 
bonyO^^-dihydrospirolpyridoII^-alindole-SCeHJ.S'-pyrrolidine]. 

(vii) 300 mg of oxalyl chloride were added dropwise to a solution of 700 mg of the product of (vi) in 50 ml of dichlo- 
30 romethane at 0°C. After 4 hours the solvent was removed under reduced pressure and the residue was dissolved 

in 50 ml of dichloromethane. The solution was added dropwise to a solution of 450 mg of 1-m ethyl indole-3 -acetic 
acid and 540 mg of triethylamine in 50 ml of dichloromethane. After 48 hours the mixture was concentrated and the 
residue was chromatographed on silica gel using dichloromethane/methanol (95:5) for the elution. There were 
obtained 370 mg of 3-[1Xtertbutoxycaroonyl)-7,9-dihydrospto 
35 methyl-3-indolyl)furan-2,5-dione. 

Example 2 

[0031] 

40 

(A) A mixture of 1 .08 g of 1,1 ,1 ,3,3,3-hexamethyfdisilazane and 0.1 1 g of methanol was added to a solution of 380 
mg of 3-(1 -(tert.butoxycarbonylJ^'.g'^lihydrospirolpiperidine-S.S^e'HJ-pyridoIl ,2-a]indol]-1 0'-yl]-4-(1 -methyl-3- 
indolyl)furan-2,5-dione in 10 ml of DMF and the mixture was stirred for 16 hours and subsequently poured into 50 
ml of water. The resulting mixture was extracted with dichloromethane and the extracts were washed with sodium 
45 chloride solution, dried and concentrated. Chromatography of the residue on silica gel using dichlorometh- 
ane/methanol (9:1) for the elution gave 220-mg of S-fl-peil.butoxycarbonyO-^g'^lihydrospirotpiperidine-S.BXe'H)- 
pyrido[1,2-a]indol]-10'-yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione. 

(6) In a manner analogous to that described in Example 1(B), from 150 mg of the product of Example 2(A) and 1 
so ml of trifluoroacetic acid there were obtained 25 mg of S-rZ'.g'-dihydrospiro-QDiperidine-S.S'fe'HJ-pyridoll ,2-a]indol]- 
10'-yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2,5-dionetrifluoroacetate of melting point 172°C. 

[0032] The f urandione starting material was prepared as follows: 

55 (i) A mixture of 5 g of ethyl ej-dihydro^-hydroxypyridotl^-alindole-S-carboxylate, 1.85 g of methyl acrylate and 
250 mg of 1,1,3,3-tetramethylguanidine was dissolved in 250 ml of acetonitrile and the solution was stirred over- 
night, poured into 500 ml of water containing 20 ml of 2M hydrochloric acid and extracted with diethyl ether. The 
ethereal extracts were washed with water, dried and concentrated. There were obtained 6.33 g of methyl 8-(ethox- 
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ycarbonyl)-6,7 ( 8,9-tetrahydro-9-oxopyrido[1,2-a]indole-8-propionate. 

(ii) 4.0 g of the product of (i) were dissolved in 100 ml of ethanol and treated with a suspension of Raney nickel in 
water. After heating under reflux for 4 hours the mixture was cooled and filtered, and the residue was washed with 

5 ethyl acetate. The filtrate was extracted with ethyl acetate and the extracts and washings were dried and concen- 
trated. 3.3 g of methyl 8^etho^carbonyl)-67,8,9-tetrahydro-9-pyr*do[1 ( 2-a]irKjole-8-propionate were obtained. 

(iii) 3.2 g of the product of (ii) were added to a solution of 1 .55 g of sodium hydroxide in 100 ml of ethanol and the 
mixture was heated at reflux for 2 hours. The cooled mixture was filtered and the residue was 'dissolved in 100 ml 

10 of water and acidified with 2N hydrochloric acid. The resulting precipitate was filtered off, washed with water and 
dried. There were obtained 2.2 g of S-carboxy-ej.S^-tetra-hydropyridotl ,2-a]indoIe-8-propionic acid. 

(iv) A mixture of 2.2 g of the product of (iii) and 1 .44 g of ammonium carbonate was heated at 200° C for 3 hours, 
cooled and then chromatographed on silica gel using dichloromethane/methanol (9:1) for the elution to give 61 0 mg 

is of y.^-dihydrospiroIpiperidine-S.SXS'HJ-pyridoll ,2-a]indoleJ-2,6-dione. 

(v) A solution of 610mg of the product of (iv) in 10ml of THF was added dropwise to a suspension of 0.865 g of lith- 
ium aluminium hydride in 20 ml of THF. After completion of the addition the mixture was heated at reflux for 20 
hours. 20 ml of water were added slowly to the cooled mixture and the resulting mixture was extracted with diethyl 

20 ether. The ethereal extracts were washed with water, dried and concentrated. There were obtained 456 mg of 7\9'- 
dihydrospiro[piperidine-3,8 , (6'H)-pyrido[1 ,2-a]indole]. 

(vi) A solution of 456 mg of the product of (v) in 25 ml of dichloromethane was added dropwise to an ice-cold solu- 
tion of 415 mg of di-tert. butyl dicarbonate and 192 mg of triethylamine in 25 ml of dichloromethane. After comple- 
25 tion of the addition the mixture was stirred for 16 hours and washed in succession with dilute hydrochloric acid, 

saturated aqueous sodium bicarbonate solution and water. The organic phase was dried and concentrated. There 
were obtained 611 mg of l-pertbutoxycarbonylJ-T.g'-dihydrospiroODiperidine-S.SXe'HJ-pyridoII^-aJndole]. 

(vii) 251 mg of oxalyl chloride were added dropwise to a solution of 61 1 mg of the product of (vi) in 50 ml of dichlo- 
30 romethane at 0°C. After 4 hours the solvent was removed under reduced pressure and the residue was dissolved 

in 50 ml of dichloromethane. The resulting solution was added dropwise to a solution of 374 mg of 1 -methyltndole- 
3 -acetic acid and 454 mg of triethylamine in 50 ml of dichloromethane. After 48 hours the mixture was concentrated 
and the residue was chromatographed on silica gel using dichloromethane/methanol (95:5) for the elution. There 
were obtained 394 mg of 3-[1-(tert.butoxycarbonyl)-7\9'-dihv^^ 
35 yl]-4-(1 -m ethyl -3-indolyl)furan-2,5-di one. 

Example 3 

[0033] 

40 

(A) A solution of 150 mg of cis-S-p-ftert.-butoxyformamidoJ-S'.^-dihydrospiroIcyclopropane-UXe'HJ-pyrido-II^- 
a]indol]-10-yt]-4-(1-methyl-3-indolyl)furan-2,5-dione in 5 ml of DMF and 5 ml of 33% aqueous ammonia was heated 
to 100°C for 1 hour in a sealed vessel. The cooled reaction mixture was extracted with ethyl acetate and the organic 
extracts were washed with water, dried and evaporated. Crystallization of the residue from ethyl acetate/n-hexane 

45 gave 120 mg of cis-3-(2-(tert.butoxyformamido)-8\9^ 

yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione of melting point 225-228°C. 

(B) 1 10mg of the product of (A) were dissolved in 25 ml of a saturated solution of hydrogen chloride in ethyl acetate. 
The resulting solution was left to stand at room temperature for 18 hours and the solid which formed was filtered 

so off to give 80 mg of cis-3-[2-amino-8\9'<lihydrospiro[cyclopropane-1 ,7'(6'H)-Pyrido[1 ,2-a]indol]-10-yl]-4-(1 -methyl- 
3-indolyO-1H-pyrrole-2,5-dione hydrochloride of melting point 288-289°C (decomposition). 

[0034] The furandione starting material was prepared as follows: 

55 (i) 720 mg of a 60% suspension of sodium hyride in mineral oil and 3.96 g of trimethylsulphoxonium iodide were 
dissolved in 60 ml of DM SO (dimethyl sulphoxide). The mixture was stirred at room temperature for 45 minutes 
under a nitrogen atmosphere. A solution of 2.8 g of 8,9-dihydropyrido[1 ,2-a]indol-7(6H)-one in 1 5 ml of DMSO was 
added and the solution obtained was stirred for 0.5 hour. The mixture was poured into 300 ml of water and 



9 




EP0 470 490 B1 



extracted with ethyl acetate. The organic extracts were washed with water, dried and evaporated under reduced 
pressure to give 2.6 g of a solid. A sample was triturated with n-haxane to give 8\9'-dihydrospiro[oxirane-2,7'(6'H)~ 
pyrido[1,2-a]-indole] of melting point 104-107°C. 

5 (ii) A stirred solution of 6.27 g of triethylphosphonoacetate in 120 ml of dimethoxyethane was treated at room tem- 
perature under a nitrogen atmosphere with 1.12 g of a 60% suspension of sodium hydride in mineral oil. After 15 
minutes the solution obtained was treated with a solution of 2.8 g of the product of (0 in 20 ml of dimethoxyethane. 
The mixture was then heated to reflux for 20 hours. The cooled mixture was poured into 300 ml of saturated ammo- 
nium chloride solution and the product was extracted with ethyl acetate. The organic extracts were washed with 

10 sodium chloride solution, dried and evaporated to give an oil which was purified by chromatography on silica gel 
using diethyl ether/n-hexane (1:3) for the elution. 2.05 g of ethyl 8\9'-dihydrospiro[c^clopropane-1 J^6'H)- 
pyrido[1 ,2-a]indole]-2-carboxylate were obtained. 

(iii) A solution of 2.0 g of the product of (ii) in 90 ml of ethanol was treated with a solution of 1.12 g of potassium 
is hydroxide in 1 0 ml of water. The solution obtained was stirred for 6 hours and then poured into 100 ml of 2M hydro- 
chloric acid and the product was extracted with ethyl acetate. The organic extracts were washed with sodium chlo- 
ride solution, dried and evaporated to give 1.74 g of S'^'-dihydrospirotcyclopropane-IJ'^'HJ-pyidotl^-alindole]- 
2-carboxyfic acid. 

20 (iv) 1 .16 g of the product of (iii) in 25 ml of acetone and 1 ml of water were cooled in an ice/salt bath. 586 mg of 
triethylamine and 678 mg of ethyl chloroformate were then added and the resulting solution was stirred for 0.5 hour. 
406 mg of sodium azide were then added and the mixture was stirred at 0°C for 1 hour. The acetone was removed 
by evaporation and the residue was extracted with ethyl acetate. The organic extract was dried and evaporated. 
The residue was purified by chromatography on silica gel using diethyl ether/n-hexane (1 :2) for the elution to give 

25 980 mg of an oil. This oil was heated to 100°C in 25 ml of toluene for 2 hours. The solvent was removed by evapo- 
ration to give 800 mg of 8\9'-dihydrospiro- [cyclopropane- 1,7 , (6'H)-pyrido[1,2-a]indol]-2-yl isocyanate. 

(v) A solution of 800 mg of the isocyanate of (iv) in 50 ml of dioxan was heated to 60 & C for 2 hours with 5 ml of 2M 
hydrochloric acid and then at reflux for 1 hour. The solvent was removed under reduced pressure and the residue 

30 was partitioned between ethyl acetate and 2M sodium hydroxide solution. The organic extracts were washed with 
water dried and evaporated. The obtained oil was purified by chromatography on silica gel using methanol/dichlo- 
romethane (1:19) for the elution. there being obtained 345 mg of cis-S'.^-dihydrospirolcyclopropane-IJ'^'H)- 
pyrido[1,2-a]indole]-2-amine and 90 mg of trans-8\9'-dihydrc^iro[cydopropane-1^ 
amine. 

35 

(vi) A solution of 370 mg of the product of (v) in 30 ml of dichlorom ethane was treated at 0°C under a nitrogen 
atmosphere with 225 mg of triethylamine and 415 mg of di-tert. butyl di carbonate. The solution obtained was stirred 
at 0°C for 3 hours and then at room temperature for 18 hours. The solvent was removed by evaporation and the 
residue was purified by chromatography on silica gel using diethyl ether/n-hexane (1 :1) for the elution. Crystalliza- 

40 tion of the product from diethyl ether/n-hexane gave 330 mg of tert.butyl cis-8\9'-dihydrospiro[cyclopropane- 
1 .Tfe'HJ-pyrido-tl ,2-a]indol]-2-ylcarbamate of melting point 114-11 6°C. 

(vii) 152 mg of oxalyl chloride were added to a solution of 310 mg of the product of (vi) in 30 ml of diethyl ether under 
a nitrogen atmosphere. After 15 minutes the solvent was removed under reduced pressure and the residue was 

45 dissolved in 30 ml of dichloromethane. 227 mg of 1 -methyl-3-indolylacetic acid and 240 mg of triethylamine were 
added to the solution and the solution obtained was stirred for 72 hours. The solvent was removed by evaporation 
and the residue was purified by chromatography on silica gel using ethyl acetate/n-hexane (1:1) for the elution. 
Crystallization from ethyl acetate gave 160 mg of cis-3-[2-(tert.-butoxyformamido)-8',9'-dihydrospiro[cyclopropane- 
1 J'^HJ-pyridon^-alirKlo^ of melting point 210-213°C. 

so 

Example 4 
[0035] 

55 (A) A solution of 90 mg of trans-3-[2-(tert.-butoxyformamido)-8 , ,9'-dihydrospiro[cyclopropane-1 .T^HJ-pyridotl ,2- 
a]indol]-1 0-yl]-4-(1 -methyl-3-indolyl)furan-2,5-dione in 5 ml of DMF and 5 ml of 33% aqueous ammonia was heated 
to 1 00°C for 1 hour in a sealed vessel. The cooled mixture was extracted with ethyl acetate and the organic extracts 
were washed with water, dried and evaporated to dryness. Crystallization of the residue from ethyl acetate gave 70 
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mg of trans-3-[2-(tert.^utoxyformamido)-8\9'-dihydrospiro[cyclopropane-1 J'(6'H)-pyrido[1,2-a]indol]-10-yl]-4-(1- 
methyl-3-indolyl)-1H-pyrrole-2,5-dione of melting point 250-252°C. 

(B) 65 mg of the product of (A) were dissolved in 25 ml of a saturated solution of hydrogen chloride in ethyl acetate. 
5 The resulting solution was left to stand at room temperature for 18 hours and the solid formed was filtered off to 
give 45 mg of trans-S-p-amino-S'.S'-dihydrospiroIcyclopropane-l t 7'(6'H)-pyrido[1,2-a]indol]-10-yl]-4-(1-methyl-3- 
indolyl)-1H-pyrrole-2,5-dione hydrochloride in the form of an orange coloured solid of melting point 260-264°C 
(decomposition). 

10 [0036] The furandione starting material was prepared as follows: 

(i) A solution of 180 mg of trans-S'.S'-dihydro-spirotcyclopropane-IJXS'^-pyridotl^-alindolel^-amine [prepared 
as described in Example 3(v)] in 25 ml of dichloromethane was treated at 0°C under a nitrogen atmosphere with 
11 0 mg of triethylamine and 230 mg of di-tertbutyl dicarbonate. The solution obtained was stirred at 0°C for 3 hours 

is and then at room temperature for 3 hours. The solvent was removed by evaporation and the residue was purified 
by chromatography on silica gel using diethyl ether/n-hexane (1 :1 ) for the elution. Crystallization of the product from 
diethyl ether/n-hexane gave 190 mg of tert.butyl trans-8\9'-dihydrospiro[cyclopropane-1 t 7(6*H)-pyrido[1 ,2-a]indol]- 
2-ylcarbamate of melting point 154-156°C. 

20 (ii) 90 mg of oxafyl chloride were added to a solution of 180 mg of the product of (i) in 20 ml of diethyl ether under 
a nitrogen atmosphere. After stirring for 15 minutes the solvent was removed under reduced pressure and the res- 
idue was dissolved in 20 ml of dichloromethane. 132 mg of 1-methyl-3-indolylacetic acid and 142 mg of triethyl- 
amine were added and the solution obtained was stirred for 72 hours. The solvent was removed by evaporation and 
the residue was purified by chromatography on silica gel using ethyl acetate/n-hexane (1 :1) for the elution. Crystal- 

25 lization from ethyl acetate gave 100 mg of trans-3-[2-(tert.-butoxyformamido)-8',9 , -dihydrospiro-[cyclopropane- 
1 J'^HJ-pyridoIl , 2-a]indoI]- 1 0-yl] -4-(1 -methyl-3-indolyl)-furan-2 t 5-dione of melting point 1 87-1 93°C. 

Example 5 

30 [0037] 

(A) A solution of 700 mg of cis-S-p-ttertbutoxy-carbonylJ^.S^a^.n.lla-hexahydro-IH-pyr- 
roloCS'^'^.Slpyridotl^ralindol-IO-ylJ^I-methyl-S-indolylJfuran^^-dione in 6 ml of DMF and 6 ml of 33% aque- 
ous ammonia was heated to 100°C for 2.5 hours in a sealed vessel. The mixture was left to cool and the solid 

35 formed was filtered off and dried to give 400 mg of cis-3-[2-(tert.butoxycarbonyl) -2 ,3,38,4,1 1,11 a-hexahydro-1 H- 
pyn-olop^'tf.SIpyridoII^-alin^ of melting point 173-175°C. 

(B) A stirred solution of 400 mg of the product of (A) in 15 ml of dichloromethane was treated with 3 ml of trifluoro- 
acetic acid. After 0.5 hour the solvent was removed under reduced pressure and the residue was triturated with 10 

40 ml of methanol to give 270 mg of a$-3-{2,3,3aA, 1 1 ,1 1 a-hexahydro-1 H-pyrrolo[3\4':4,5]pyrido(1 ,2-a]indol-10-yl]-4- 
(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione trifluoroacetate of melting point 268-269°C. 

[0038] The furandione starting material was prepared as follows: 

45 (i) 200 ml of a 2M solution of lithium borohydride in THF were added dropwise to a stirred solution of 1 00 g of methyl 
1 -benzyl-5-oxo-3-pyrrolidinecarboxylate in 600 ml of THF under a nitrogen atmosphere. After 3 hours the mixture 
was cooled to 10°C and treated with 200 ml of 50% aqueous acetic acid. The solvents were removed under 
reduced pressure and the residue was partitioned between dichloromethane and saturated sodium bicarbonate 
solution. The organic extracts were dried and evaporated to dryness to give 92 g of 1 -benzyl-4-(hydroxy-methyl)- 

so 2'-pyrrolidinone. This was dissolved in 200 ml of pyridine and the solution was treated with 95 g of p-toluenesulpho- 
nyl chloride. The solution obtained was stirred for 18 hours and then concentrated. The residue was partitioned 
between dichloromethane and 2M hydrochloric acid. The organic phase was washed with water, dried and evapo- 
rated to dryness. Crystallization of the residue from diethyl ether/n-hexane gave 115 g of 1 -benzyl -4-(p-tolue- 
nesulphonyloxy)-2-pyrrolidinone of melting point 83-84°C. 

55 

(ii) A solution of 66.2 g of ethyl indole-2-carboxylate in 350 ml of DMF was added to a suspension of 12 g of sodium 
hydride (80% dispersion in mineral oil) in 80 ml of DMF. After stirring for 0.5 hour under a nitrogen atmosphere the 
solution obtained was treated with a solution of 115 g of 1-benzyl-4-(p-toluenesulphonyloxy)-2-pyrrolidinone in 500 
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ml of DMF. After completion of the addition the mixture was heated to 60°C for 0.75 hour and then at 70°C for 1 
hour. The solution obtained was cooled in an ice bath and treated with water and 2M hydrochloric acid. After stirring 
for 1 5 minutes the precipitate formed was f iltered off and dried to give 96.2 g of ethyl 1 -[(1 -benzyl-5-oxo-3-pyrrolid- 
inyl)methyl]-2-indolecarboxylate of melting point 93-94° C. 

5 

(iii) A solution of 95 g of the product of (ii) in 400 ml of THF was added to a stirred solution of 30.3 g of potassium 
tert.butoxide in 1 500 ml of THF under a nitrogen atmosphere. The mixture was stirred for 1 .5 hours and then cooled 
to 10°C and treated with 300 ml of 1 M hydrochloric acid. The precipitate formed was filtered off and dried, and the 
filtrate was concentrated to give a further precipitate. This precipitate was filtered off, dried and combined with the 

10 initially obtained precipitate to give a total of 54.6 g of a-benzyl-S.Sa^.lla-tetrahydrol-IHijyrroloP'.^^.S]- 
pyrido[1,2-a]indole-1,12(2H)-dione of melting point 228-229°C. (iv) Raney nickel was added to a suspension of 12 
g of the product of (iii) in 600 ml of ethanol and 300 ml of water. The mixture was heated to reflux for 3.25 hours, 
cooled and decanted. The ethanol was removed under reduced pressure and the residue was extracted with ethyl 
acetate. The catalyst was washed with 300 ml of ethyl acetate and the organic phase was washed with water, dried 

is and concentrated. The precipitate formed was filtered off to give 5.4 g of 2-benzy1-2,3 1 3a,4,1 1 ,1 1 a-hexahydro-1 H- 
pyrrolo[3\4X5]pyrido-[1.2-a]indol-1-one of melting point 121-123°C. 

(v) A solution of 10 g of the product of (iv) in 150 m! of THF was added to a stirred 1M solution of borane in 60 ml 
of THF at 0°C under nitrogen. The resulting solution was heated to reflux for 1 .5 hours, cooled, treated with 30 ml 

20 of methanol and 15 ml of 5M sodium hydroxide solution and subsequently heated to reflux for 1 .5 hours. The sol- 
vent was removed under reduced pressure and the residue was partitioned between dichloromethane and water. 
The organic phase was washed with saturated sodium bicarbonate solution and with water, dried and evaporated 
to dryness to give 8 g of cis-2-benzyl-2,3,3a,4,1 1,1 1 a-hexahydro-1 H-pyrrolop'.^tf.Slpyridon ,2-a]indole of melting 
point 91 -93°C. 

25 

(vi) A solution of 23.5 g of the product of (v) in 500 ml of methanol was added to 1 2 g of 1 0% palladium-on-charcoal 
and 24 g of ammonium formate. The mixture was heated to reflux under a nitrogen atmosphere for 2.5 hours. The 
cooled mixture was filtered and the filter residue was washed with methanol. The liltrate and washings were evap- 
orated and the residue was partitioned between dichloromethane and water. The aqueous phase was extracted 

30 with dichloromethane and the organic extracts were dried and evaporated to give 16.9 g of cis-2,3,3a,4, 11,1 1 a-hex- 
ahydro-1 H-pyrrolo[3',4':4,5]-pyrido[1 ,2-a]indole. 

(vii) A stirred solution of the product of (vi) in 500 ml of dichloromethane was treated at 0°C under a nitrogen atmos- 
phere with 18.6 g of di-tertbuty! dicarbonate and 8.7 g of triethylamine. The solution obtained was stirred for 18 

35 hours, washed with water, dried and the solvent was evaporated. The residue was crystallized from diethyl 
ether/dichloromethane to give 15.2 g of cis-2-(tert.butoxycarbonyl)-2,3,3a, 4, 11, 11 a-hexahydro-1 H-pyr- 
ro!o[3',4':4,5]pyrido[1,2-a]indole of melting point 143-144°C. 

(viii) 1 .95 g of oxalyl chloride were added to a solution of 4.9 g of the product of (vii) in 150 ml of dichloromethane 
40 at 0°C under a nitrogen atmosphere. After 15 minutes the solvent was removed under reduced pressure and the 

residue was dissolved in 150 ml of dichloromethane. 2.97 g of 1-methyI-3-indolylacetic acid and 6.5 ml of triethyl- 
amine were added to this solution at 0°C. The mixture was then stirred for 72 hours. The solvent was removed by 
evaporation and the residue was purified by chromatography on silica gel using ethyl acetate/n-hexane (1 :1) for the 
elution to give 2.1 g of cis-3-t2-tertbutoxycarbonyl)-2,3,3a,4,11 J1a-hexahydro-1H-pyrrdo[3\4V4,5]pyrido[1,2- 
45 a]indol-10-yl]-4-(1-methyl-3-indoIyl)furan-2,5-dione of melting point 209°C after recrystallization from ethyl ace- 
tate/n-hexane. 

Example 6 

so [0039] A solution of 120 mg of cis-p^.S.Sa^.ll.lla-hexahydro^-methyl-IH-pyrroloIS'^'^.SlpyridoII^-alindol-IO- 
yl]-4-(1-methyl-3-indolyl)furan-2,5-dione acetate in 6 ml of DMF and 5 ml of 33% aqueous ammonia was heated to 
1 20°C in a sealed vessel for 3 hours. The solvent was removed under reduced pressure and the residue was partitioned 
between ethyl acetate and aqueous sodium bicarbonate solution. The organic phase was dried, concentrated and 
treated with a saturated solution of hydrogen chloride in ethyl acetate. The obtained precipitate was filtered off and dried 

55 to give 80 mg of cis-3-[2,3,3a l 4,11,11a-hexahydro-2-methyl-1H-pyrrolo[3\4^4,5lpyridCH[1,2-a]irKlol- 
3-indolyl)-1H-pyrrole-2,5-dione hydrochloride of melting point 308-310°C. 
[0040] The furandione acetate used as the starting material was prepared as follows: 
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(i) A stirred solution of 5 g of cis^-[2-(tert.-butoxycarbon 

pyrido[1,2-a]indol-10-yO-4-(1-rnethyl-3-indolyl)furan-2,5-dione [prepared as described in Example 5(viii)] in 200 ml 
of dichloromethane was treated with 30 ml of trrfluoroacetic acid. After 0.5 hour the solvent was removed under 
reduced pressure and the residue was purified by chromatography on silica gel using dichloromethane/metha- 
5 nol/acetic acid/water (90:18:3:2) for the elution. Removal of the solvent gave 4.5 g of cis-3-[2 ,3,3a, 4,1 1,1 ia-hex- 
ahydro-1 H-pyrroIo[3\4':4,5]pyrido[1 ,2-a]indol-1 0-yi]-4-(1 -methyl-3-indolyl)furan-2,5-dione trif luoroacetate of 
melting point 1 99-20 1°C. 

(ii) 28.5 mg of sodium cyanoborohydride were added to a stirred solution of 250 mg of the product of (i) and 67.5 
w mg of 40% aqueous formaldehyde in 33 ml of acetonitrile. After 0.5 hour the solvent was removed by evaporation 

and the residue, was purified by chromatography on silica gel using dichloromethane/methanot/acetic acid/water 
(90:18:3:2) for the elution. Evaporation gave 140 mg of cis-3-[2,3,3a,4,11,11a-hexahydro-2-methyl-1H-pyr- 
rdo[3\4^4,5]pyrido[1,2-a]indol-10-yn-4(1-methyl-3-indolyl)furan-2 l 5-dione acetate. A sample of this solid was 
stirred with a saturated solution of hydrogen chloride in ethyl acetate and the resulting precipitate was filtered off 
is and dried to give cis-3-[2,3,3a,4,11 J1a-hexahydro-2-methyl-1H-pyrrolo[3\4*:4,5]pyrido[1 l 2-a]indol-10-yl]-4-(1- 
methyl-3-indolyl)furan-2,5<lione hydrochloride of melting point 183-186°C. 

Example 7 

20 [0041] A solution of 200 mg of cis-3-[2,3 ( 3a,4,11,11a-hexahydro-1H-p^ 

methyl-3-indolyl)furan-2,5-dione trifluoroacetate [prepared as described in Example 6(i)] and 760 mg of benzaldehyde 
in 30 ml of methanol was shaken with 20 mg of 10% palladium-on-charcoal under a hydrogen atmosphere. The catalyst 
was filtered off and the filtrate was evaporated to dryness. The residue was purified by chromatography on silica gel 
using methanol/dichloromethane (1 :19) for the elution to give an oil which was dissolved in 4 ml of DMF. The solution 

25 obtained was treated with 2.5 g of 1 , 1 , 1 ,3,3,3-hexamethyldisilazane and then 250 mg of methanol and the mixture was 
stirred at room temperature for 4 days. The solvent was removed by evaporation and the residue was partitioned 
between ethyl acetate and sodium bicarbonate solution. The organic phase was dried, concentrated and then treated 
with a saturated solution of hydrogen chloride in ethyl acetate to give a precipitate which was filtered off and dried. 
There were thus obtained 60 mg of cis-3-[2-benzyl-2 l 3 > 3a,4,11 .Ha-hexahydro-IH-pyrroIoP'.^^.Slpyrido-tl^-alindol- 

30 1 0-yi]^4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione hydrochloride of melting point 228-232°C. 

Example 8 

[0042] A stirred suspension of 200 mg of cis-3-[2,3,3a,4,1 1, 1 1a-hexahydro-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]-indol-10- 
35 yl]-4-(1 -methyl-3-indolyl)furan-2,5-dione trifluoroacetate [prepared as described in Example 6(i)] in 1 5 ml of acetic acid 
was treated with 100 mg of acetone. After 5 minutes 38 mg of sodium borohydride were added. The mixture was then 
heated to 50° C for 10 minutes. A further 200 mg of acetone and 50 mg of sodium borohydride were added and the mix- 
ture was heated at 50°C for 1 .5 hours. The solvent was removed under reduced pressure and the residue was purified 
by chromatography on silica gel using methanol/dichloromethane (1 :9) for the elution. The obtained oil was dissolved 
40 in 5 ml of DMF and the solution obtained was treated with 2.5 g of 1 . 1 , 1 ,3,3,3-hexamethyldisilazane followed by 250 mg 
of methanol and stirred at room temperature for 18 hours. The solvents were removed by evaporation and the residue 
was partitioned between ethyl acetate and aqueous sodium bicarbonate solution. The organic extracts were dried and 
concentrated. 0.5 ml of a saturated solution of hydrogen chloride in ethyl acetate was then added to give a precipitate 
which was filtered off and dried. There were thus obtained 80 mg of cis-3-[2-isopropyl-2,3,3a,4,1 1,1 1a-hexahydro-1 H- 
45 pyrrolo[3\4^4,5]pyrido[1,2-a]indol-10-yl]-4-(1-^ hydrochloride of melting point 

318-320°C. 

Example 9 

so [0043] A stirred solution of 200 mg of cis-3-[2,3,3a t 4, 11,11 a-hexahydro-1H-pyrrolo[3',4':4,5]pyrido[1,2-a]indol-10-yl]- 
4-(1-methyl-3-indoiyl)furan-2,5-dione trifluoroacetate [prepared as described in Example 6(i)] in 40 ml of acetic acid 
was heated to 55°C. 67 mg of sodium borohydride were then added and the solution obtained was heated at 55°C for 
1 hour. The solvent was removed under reduced pressure and the residue was purified by chromatography on silica gel 
using methanol/dichloromethane (1 :9) for the elution. The obtained oil was dissolved in 2 ml of DMF and the solution 

55 obtained was treated with 1 g of 1,1,1,3,3,3-hexamethyldisilazane followed by 100 mg of methanol. The mixture was 
stirred for 18 hours, the solvents were removed under reduced pressure and the residue was partitioned between ethyl 
acetate and aqueous sodium bicarbonate solution. The organic extracts were dried, concentrated and treated with a 
saturated solution of hydrogen chloride in ethyl acetate. The obtained precipitate was filtered off and dried to give 35 
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mg of cis-3-[2-ethy1-2,3,3a,4,1 1 ,1 1 a-hexahydro-1H-pyrrolo[3\4':4,5]-pyrido[1 ,2-a]indoM0-yl]-4-(1 -methyl-3-indolyl)- 
1 H-pyrrole-2,5-dione hydrochloride of melting point 327-329°C. 

Example 10 

5 

[0044] A solution of 4.5 g of cis-3-[2,3,3a,4,11,11a-hexahydro-1H^^ 

methyl-3-indolyl)furan-2,5-dione trifluoroacetate [prepared as described in Example 6(i)] and 6 g of 40% aqueous for- 
maldehyde in 200 ml of methanol was heated to reflux for 2.5 hours with Raney nickel. The cooled solution was filtered 
and the filtrate was evaporated. The obtained solid was dissolved in 20 m! of DM F and 20 ml of 33% aqueous ammonia 
w and the solution obtained was heated at 140°C in a sealed vessel. The cooled solution was partitioned between ethyl 
acetate and sodium bicarbonate solution. The organic extracts were dried and evaporated. The residue was purified by 
chromatography on silica gel using dichloromethane/methanol/acetic acid/water (90:18:3:2) for the elution. Crystalliza- 
tion from methanol gave 70 mg of cis-3-[2-formyl-2,3,3a,4,1 1 ,1 1a-hexahydro-1 H-pyrrolo[3\4':4,5]pyrido[1 t 2-a]indol-10- 
yI]-4-(1-methyl-3-indolyl)-1H-pyrrole-2 > 5-dione of melting point 334-336°C. 

15 

Example 11 
[0045] 

20 (A) A mixture of 0.59 ml of 1 ,1 ,1 ,3,3,3-hexamethyldisilazane and 45 mg of methanol was added to a solution of 150 
mg of 3-[1 -(tert.butoxy-carbonyl)-1 \3 ? -dihydrospiro[pyrrolidine-3 r 2'-pyiTolo[1 ,2-aJindoQ-9'-yi]-4-(1 -methyl-3-indolyl)- 
furan-2,5-dione in 10 ml of DMF and stirred for 72 hours. The solvent was removed by evaporation and the residue 
was treated with 10 ml of methanol. After evaporation the residue was subjected to chromatography on silica gel 
using dichloromethane/ethyl acetate (4:1) for the elution. There were obtained 120 mg of 3-[1-(tert.butoxycarbo- 

25 nyl)-1 '.S'-dihydrospirofpyrrolidine-S^'-pyrroloIl ,2-a]indol]-9'-yl]-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione of melt- 
ing point 232-235°C. 

(B) A suspension of 1 1 0 mg of the product of (A) in 1 ml of ethyl acetate was treated with 5 ml of a saturated solu- 
tion of hydrogen chloride in ethyl acetate and stirred for 24 hours. The suspension was filtered and the solid was 
30 dried to give 85 mg of 3-[1\3'<lihydrospiro[pyrrolidine^ 

pyrole-2,5-dione hydrochloride of melting point 342°C (decomposition). 

[0046] The furandione starting material was prepared as follows: 

35 (i) A solution of 1 7.7 g of ethyl 2-(ethoxy-carbonyl)-2,3-dihydro-1 -oxo-1 H-pyrrolo[1 ,2-a]indole-2-acetate in 200 ml of 
methanol was treated under a nitrogen atmosphere with 1.5 g of 10% palladium-on-charcoal and 10 g of ammo- 
nium formate. The mixture was heated at reflux for 1 .5 hours, then cooled and filtered. The filtrate was concentrated 
and the residue was partitioned between ethyl acetate and water. The organic layer was washed with sodium chlo- 
ride solution and dried. Evaporation of the solvent gave 16.5 g of ethyl 2-(ethoxycarbonyl)-2,3-dihydro-1-hydroxy- 

40 1 H-pyrrolo[1 ,2-a]indole-2-acetate. 

(ii) A solution of 16.5 g of the product of (i) in 200 ml of dichloromethane was treated under a nitrogen atmosphere 
with 14 ml of triethylamine and 7.6 g of acetic anhydride. Then the solvent was removed by evaporation. The resi- 
due was evaporated with toluene and then dissolved in methanol under a nitrogen atmosphere. 1.5 g of 10% pal- 

45 ladium-on-charcoal and 10 g of ammonium formate were added and the mixture was heated at reflux for 4 hours. 
The suspension was cooled and filtered, and the filtrate was concentrated. The residue was partitioned between 
ethyl acetate and water. The organic phase was dried and concentrated. Chromatography of the residue on silica 
gel using ethyl acetate/n-hexane (1:3) for the elution gave 9.65 g of ethyl 2-(ethoxycarbonyl)-2,3-dihydro-1H-pyr- 
ro!o[1 ,2-a]indole-2-acetate. 

50 

(iii) A solution of 1 .2 g of the product of (ii) in 25 ml of ethanol was treated with 7.6 ml of 2M aqueous sodium hydrox- 
ide and the mixture was heated under reflux for 17 hours. The solution was concentrated and the residue was 
diluted with water. The solution was washed with ethyl acetate and acidified with 2M aqueous hydrochloric acid. 
The mixture was extracted with dichloromethane and the extracts were washed with sodium chloride solution. The 

55 organic phase was dried and concentrated. Trituration of the residue with diethyl ether gave 714 mg of 2-carboxy- 
2,3-dihydro-1 H-pyrrolo[1 ,2-a]indole-2-acetic acid of melting point 211 -215°C (decomposition). 

(iv) A mixture of 650 mg of the product of (iii) and 480 mg of ammonium carbonate was heated at 200°C under a 
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nitrogen atmosphere. After cooling, the residue was partitioned between dichloromethane and water. The organic 
phase was dried and concentrated to give 594 mg of 1\3'-dihydrospiro[pyrrolidine-3,2'-pyrrolo[1,2-a]indole]-2 f 5- 
dione of melting point 215-220°C. 

5 (v) A solution of 580 mg of the product of (iv) in 5 ml of THF was added under a nitrogen atmosphere to a stirred 
suspension of 920 mg of lithium aluminium hydride in 10 ml of THF. The mixture was heated at reflux for 2 hours, 
cooled and treated with 10 ml of water and 2 ml of 2M aqueous sodium hydroxide. The suspension was filtered and 
the solid was washed with ethyl acetate. The filtrate was separated and the aqueous layer was extracted with ethyl 
acetate. The organic solutions were washed with sodium chloride solution and concentrated to give 510 mg of 

w dihydrospiro[pyrrolidine-3,2'-pyrrolo[1 ,2-a]indole] of melting point 90-92°C. 

(vi) A solution of 500 mg of the product of (v) in 15 ml of dichloromethane was treated with 0.4 ml of triethylamine 
and 580 mg of di-tert.butyl dicarbonate and stirred for 17 hours. The solvent was removed by evaporation. Chro- 
matography of the residue on silica gel using ethyl acetate/n-hexane (1:2) for the elution gave 440 mg of 1- 

75 (tert.butoxycarbonyl)-l '.S'-dihydrospiro-IjDyrroIidine-S^'-pyrroloIl ,2-a]indole] of melting point 1 04-1 06°C. 

(vii) In a manner analogous to that described in Example 1(vii) from 430 mg of the product of (vi) there were 
obtained 160 mg of 3-[1-(tert.butoxycarbonyl)-1\3'-dihydrospiro-[pyrrolidine-3,2'-pyrrolo[^ 
methyl-3-indolyl)-furan-2,5-dione. 

20 

Example 12 

[0047] A solution of 360 mg of 3-[1\3'-dihydro-1-methylspiro-[pyi^ 

indolyl)-furan-2,5-dione in 10 ml of DMF was treated with 1.7 ml of 1,1,1, 3,3, 3-hexamethyldisilazane and 128 mg of 
25 methanol. The solution was heated at 60°C for 1 7 hours and the solvent was removed by evaporation. The residue was 
evaporated with 10 ml of methanol and purified by chromatography on silica gel using dichloromethane/methanol (9:1) 
for the elution. The solid obtained was suspended in ethyl acetate and treated with a saturated solution of hydrogen 
chloride in ethyl acetate. After stirring the suspension was filtered and the solid was washed with diethyl ether to give 
250 mg of 3-[1\3'-di hydro- 1 -methyl -spirotpyrrolidine^'-pyrro^ 
30 2,5-dione hydrochloride of melting point 250-252°C. 

[0048] The furandione starting material was prepared as follows: 

(i) A solution of 1.96 g of 1 , ,3'-dihydrospiro[pyrrolidine-3 t 2 , -pyrrolo[1 t 2-a]indole]-2,5-dione [prepared as described 
in Example 1 1 (iv)] in 10 ml of DMF was added dropwise to a stirred suspension of 330 mg of a 60% dispersion of 

35 sodium hydride in mineral oil in 1 0 ml of DMF. The mixture was treated with 1 ml of iodomethane and stirred for 1 7 
hours. The mixture was diluted with water, neutralized with 1M aqueous hydrochloric acid and extracted with ethyl 
acetate. The extracts were washed with sodium chloride solution, dried and the solvent was removed by evapora- 
tion. Crystallization of the residue from ethyl acetate/n-hexane gave 1.81 g of I'.S'-dihydro-l-methylspiro-Ipyrrolid- 
ine-3,2 ? -pyrrolo[1,2-a]indole]-2,5-dione of melting point 154-156°C. 

40 

(ii) In a manner analogous to Example 1 1 (v), from 1 .8 g of the product of (i) there were obtained 1 .07 g of 1 *,3 -dihy- 
dro-1-methylspiro-[pyrrolidine-3,2'-pyrrolo[1,2-a]indole] of melting point 81-83°C. 

(iii) A solution of 1 .03 g of the product of (ii) in 10ml of ethyl acetate was treated with 2 ml of a saturated solution of 
45 hydrogen chloride in ethyl acetate. After 1 hour the solvent was removed by evaporation and the residue was dis- 
solved in 20 ml of dichloromethane under a nitrogen atmosphere. The solution was cooled to -78°C and treated 
with 0.4 ml of oxalyl chloride. After 15 minutes a mixture of 860 mg of 1-methyl-indole-3-acetic acid and 2.5 ml of 
triethylamine dissolved in 20 ml of dichloromethane was added. The mixture was stirred at -78°C for 1 hour and 
then left to warm to room temperature. The solvent was removed by evaporation and the residue was subjected to 

so chromatography on silica gel using dichloromethane/methanol/acetic acid/water (120:14:3:2) for the elution. The 
product was dissolved in dichloromethane and the solution was washed with saturated aqueous sodium bicarbo- 
nate. The organic phase was dried and evaporated to give 380 mg of S-IV.S'-dihydrol-l-methylspirotpyrrolidine- 
S^'-pyrroloII^-aJindol-g'-yll^l-methyl-S-irKiolyO-furan^.S-dione. 

55 Example 13 

[0049] In a manners analogous to that described in Example 11, from 285 mg of 3-[8, 9-di hydro- 1'-m ethyi- 
spiro[pyrido[1,2-a]indole-7(6H),3 f -pyrrolidin]-10-yl]-4-(1-methyl-3-indolyl)-furan there were obtained 232 mg 
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of 3-[8,9-dihydro-1 '-methylspirolpyridoll t Z'a]\ndo\e-7[SH),Z^yno\\6\n]^0'y\]^0 -methyl-3-indolyl)-1 H-pyrrole-2,5- 
dione hydrochloride of melting point 220°C (decomposition). 
[0050] The furandione starting material was prepared as follows: 

5 (i) A stirred solution of 2.52 ml of diisopropylamine in 20 ml of THF was cooled in a bath at -78°C under an argon 
atmosphere and treated with 1 1 .25 ml of a 1 .6M solution of n-butyllithium in n-hexane. The mixture was treated with 
a solution of 2.85 g of ethyl 6,7,8,9-tetrahydropyrido[1 t 2-a]indole-7-carboxylate in 80 ml ol THF. After 10 minutes 
1.46 ml of ethyl bromoacetate were added and the cooling bath was removed. The mixture was stirred and then 
diluted with diethyl ether. The solution was washed in succession with saturated aqueous ammonium chloride, 

10 water and sodium chloride solution and then dried. The solvent was removed by evaporation and the residue was 
subjected to chromatography on silica gel using ethyl acetate/n-hexane (1 :9) for the elution to give 2.55 g of ethyl 
T^ethoxycaibonyO-e.y.S.S-tetrahydropyrido-tl^-aJindole-y-acetate. 

(ii) In a manner analogous to that described in Example 1 1(iii), from 2.5 g of the product of (i) there were obtained 
75 1 .95 g of 7-(carboxy)-6,7 f 8.9-tetrahydropyrido[1 ,2-a]indole-7-acetic acid of melting point 185-188°C. 

(iii) In a manner analogous to that described in Example 1 1 (iv), from 2.02 g of the product of (ii) there were obtained 
1 .8 g of 8,9-dihdrospiro[pyrido[1 ^-aJindole^eHJ.S'-pyiTolidinel-^S'-dione of melting point 208-210°C. 

20 (iv) In a manner analogous to that described in Example 1 2(i), from 1 .04 g of the product of (iii) there were obtained 
780 mg of 8,9<lihydro-1 , -methylspiro[pyrido[1,2-a]indole-7(6H),3'-pyrrolidine]-2\5 , -ciione of melting point 158- 
164°C. 

(v) In a manner analogous to that described in Example 11(v), from 930 mg of the product of (iv) there were 
25 obtained 470 mg of 8,9-dihydro-V-methylspiro[pyrido[1 ,2-a]indole-7(6H) t 3'-pyrrolidine] of melting point 55-58°C. 

(vi) In a manner analogous to that described in Example 12(iii) t from 460 mg of the product of (v) there were 
obtained 280 mg of 3-[8 t 9-dihydro-1'-methylspiro[pyrido^ 

indolyl)-furan-2,5-dione of melting point 238-240°C. 

30 

Example 14 

[0051] A mixture of 1 .21 g of 1 ,1,1 ,3,3,3-hexamethyldisilazane and 132 mg of methanol was added to a solution of 
400 mg of trans-S^.S^a^JUIa-hexahydro^-methyl-IH-pyrroloP'^'^.S] pyrido[1,2-a]indol-10-yl)-4-(1-methyl-3- 
35 indolyl)furan-2,5-dione hydrochloride in 30 ml of DMF and stirred for 48 hours. A further 1 00 mg of methanol and 0.95 
g of 1 ,1 ,1 ,3,3,3-hexamethyldisilazane were added, the mixture was heated to 45°C for 2 hours and then left to stand at 
room temperature. The solvent was removed under reduced pressure and the residue was dissolved in ethyl acetate, 
dichloromethane and methanol. The solution obtained was washed with saturated sodium bicarbonate solution and the 
organic layer was concentrated. A saturated solution of hydrogen chloride in ethyl acetate was added and the precipi- 
ce tate obtained was filtered off. The solid was suspended in water and stirred, then filtered off and dried. The solid 
obtained was suspended in ethyl acetate and stirred, then filtered off and dried to give 235 mg of trans-3- 
(2,3,3a,4,1 1 ,1 1a-hexahydro-2-methyl-1 H-pyrrolo[3\4*:4,5]pyrido[1 ,2-a]indoM0-yl)-4-(1-methyl-3-indolyl)-1 H-pyrrole- 
2,5-dione hydrochloride of melting point >330°C. 

[0052] The furandione hydrochloride used as the starting material was prepared as follows: 

45 

(i) From a mixture of 29.3 g of diethyl 6,7-dihydro-9-hydroxypyrido[1 ,2-a]indole-7,8-dicarboxyiate, 100 ml of pyridine 
and 30 ml of acetic anhydride the solvents were removed under reduced pressure and the residue was partitioned 
between ethyl acetate and 2M hydrochloric acid. The organic extract was washed with saturated sodium bicarbo- 
nate solution and water, dried and evaporated to give 33 g of diethyl 9-acetoxy-6,7-dihydropyrido[1 ,2-a]indole-7,8- 

so dicarboxylate. 

(ii) A solution of 33 g of the product of (i) in 250 ml of ethanol and 25 g of triethylamine was hydrogenated over 1 0% 
palladium-on-charcoal. The catalyst was filtered off and the filtrate was evaporated. The residue was partitioned 
between ether and water and the organic layer was washed in succession with 2M hydrochloric acid, water and sat- 

55 urated sodium bicarbonate solution. The organic extract was dried and evaporated. The oil obtained was dissolved 
in ethanol and the solution was treated with sodium eth oxide and stirred for 1 hour. The solution was cooled to 0°C 
and the solid was filtered off and dried to give 1 5.9 g of trans-diethyl 6,7,8,9-tetrahydropyrido[1 ,2-a]indole-7 t 8-dicar- 
boxylate of melting point 74-76°C. 
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(iii) A stirred solution of 10.0 g of the product of (ii) in 150 ml of THF was treated at 0°C under a nitrogen atmosphere 
with 40 ml of a 1 M solution of lithium aluminium hydride in diethyl ether. After stirring, 1 .4 ml of water were added, 
followed by 2.3 ml of 2M sodium hydroxide and 3.5 ml of water. The precipitate was filtered off and washed with 
THF/diethyl ether (1:1). The filtrate was evaporated to give 6.8 g of trans-6,7,8,9-tetrahydropyrido[1 ,2-a]indole-7,8- 

5 dimethanol of melting point 1 62-1 63°C. 

(iv) A stirred solution of 6.8 g of the product of (iii) in 150, ml of dichloromethane was treated with 35 ml of tri ethyl - 
amine and then 11.3 g of methanesulphonic anhydride were added. The solution was stirred under a nitrogen 
atmosphere and then diluted with dichloromethane. The solution was washed with water, 2M hydrochloric acid and 

10 water, dried and evaporated. Ethanol was added and the solvent was removed under reduced pressure to give 1 0.3 
g of trans-6,7,8,9-tetrahydro-7,8-bis[(methanesulphonyloxy)methyl]pyrido[1,2-a]indole. A sample was purified by 
chromatography on silica gel using ethyl acetate/petroleum ether (2:1) for the elution to give a solid of melting point 
139-1 41 °C. 

75 (v) A solution of 8.0 g of the product of (iv) and 20.0 g of benzylamine in 700 ml of toluene was heated to reflux 
under a nitrogen atmosphere. The solvent was removed under reduced pressure and the residue was purified by 
chromatography on silica gel using methanol/dichloromethane (1 :50 to 1 :20) for the elution to give 6.55 g of trans- 

2- benzyl-2,3,3a,4,1 1 ,1 1a-hexahydro-1 H-pyrroloIS^'tf.Slpyridotl ,2-a]indole of melting point 1 14-1 16°C. 

20 (vi) A solution of 3.0 g of the product of (v) in 150 ml of methanol was treated with 3.0 g of ammonium formate and 
1 .2 g of 10% palladium-on-charcoal. The mixture was heated to reflux and then filtered. The catalyst was washed 
with methanol and the filtrates were evaporated. The residue was partitioned between ethyl acetate and water and 
the solid was filtered off. This solid was suspended in a saturated solution of hydrogen chloride in ethyl acetate and 
stirred, then filtered off and dried to give 2.0 g of trans^.S.Sa^.ll.lla-hexahydro-IH-pyrrolop'.^^.SJpyridotl^- 

25 a]indole hydrochloride of melting point 308-31 1 °C. 

(vii) A solution of 1 .97 g of the product of (vi) in 300 ml of dichloromethane was treated with 1 .72 g of triethylamine. 
The mixture obtained was cooled to 0°C under a nitrogen atmosphere and was treated with 1 .87 g of di-tert.butyl 
dicarbonate. After stirring, the mixture was washed with water, 2M hydrochloric acid, water and saturated sodium 

30 bicarbonate solution and then dried. The solvent was removed under reduced pressure to give 2.4 g of a solid. A 
sample was triturated with petroleum ether to give trans^^tert.-butoxycarbonylJ^.S.Sa^.llJla-hexahydro-IH- 
pyrrolo[3\4*:4,5]-pyrido[1,2-a]indole of melting point 217-218°C. 

(viii) 1.08 g of oxalyl chloride were added to a solution of 2.7 g of the product of (vii) in 100 ml of dichloromethane 
35 at 0°C. After 0.25 hour the solvent was removed under reduced pressure and the residue was dissolved in dichlo- 
romethane. The solution was added to a stirred solution of 2.5 ml triethylamine and 1 .64 g of 1-methylindole-3-ace- 
tic acid in 50 ml of dichloromethane. After 24 hours the solution was washed with water and saturated sodium 
bicarbonate solution, dried and evaporated. The residue was purified by chromatography on silica gel using ethyl 
acetate/petroleum ether (1:1) for the elution to give 1.2 g of trans-3-[2-(tert.butoxycarbonyl)-2,3,3a t 4,11,11a-hex- 

40 ahydro-1H-pyrrolo[3\4':4,5]pyrido[1^ of melting point 265- 

266°C. 

(ix) A suspension of 900 mg of the product of (viii) in 5 ml of ethyl acetate was treated with 10 ml of a saturated 
solution of hydrogen chloride in ethyl acetate. After 2 hours the solid was filtered off and dried to give 720 mg of 

45 trans-3-[2,3,3a,4,11,11a-hexahydro-1H-pyw 
dione hydrochloride of melting point >340°C. 

(x) A suspension of 640 mg of the product of (ix) in 190 ml of methanol was treated with Raney nickel and 325 mg 
of 40% aqueous formaldehyde and the mixture obtained was heated to reflux for 3 hours. After each 0.5 hour a fur- 

50 ther 250 mg of aqueous formaldehyde were added. The cooled supernatant was decanted off and the residue was 
washed with methanol. The organic solution was evaporated and the residue was suspended in ethyl acetate and 
treated with a saturated solution of hydrogen chloride in ethyl acetate. The solid was filtered off and dried to give 
445 mg of trans-3-[2,3,3a,4,11,1 1a-hexahydro-2-methyl-1H-pyrrolo[3\4^ 

3- indolyl)furan-2,5<iione hydrochloride of melting point 244-247°C. 

55 

Example 15 

[00531 In a manner analogous to that described in Example 1 1 , from trans-3-[2-(tert.butoxycarbonyl)-2 P 3,3a,4, 11,11a- 
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hexahydro-IHiDyrrolop^^S^ [prepared as described in 

Example 14], there was obtained trans-3^2,3,3a,4, 11,11 a-hexahydro-1 H-pyiroIo[^^^ 
(1-methyl-3-indolyl)-1HpyiTole-2,5-dione hydrochloride of melting point 269-273°C. 

s Example 16 

[0054] In a manner analogous to that described in Example 14, from (+)-trans-2,3,3a, 4,1 1,11 a-hexahydro-1 H- 
yrrolo[3\4':4,5]pyrido[1,2-a]indole formate there was obtained (+)-trans-3-[2,3,3a,4, 11,11 a-hexahydro-2-methyM H- 
pyirolo[3\4':4,5]pyrido[1,2-a]indol-10-yO-4-(1-m^ hydrochloride of melting point 

10 325-328°C; [a] 2 g = + 65.1 0 (MeOH, c = 0.06). 

[0055] The pyridoindole formate used as the starting material was prepared as follows: 

(i) A suspension of 11.0 g of trans-6,7,8,9-tetrahydro-7 p 8-bis[(methanesulphonyloxy)methyl]pyrido[1,2-a]indole 
[prepared as described in Example 14(iv)] in 60 ml of ethanol was treated with 26 ml of (S)-a-methylbenzylamine 

15 and heated to reflux for 18 hours. The cooled solution was concentrated and the precipitate was filtered off and 
purified by chromatography on silica gel using ethyl acetate/petroleum ether (2:1) for the elution. There were 
obtained 2.1 g of trans-2,3.3a.4,1 1 .1 1a-hexahydro-2-[alpha(S)-methylbenzyl]-1 H-pyrrolop'^'tf.Slpyridoll ,2- 
a]indole, diastereomer A, of melting point 153°C, [a] 2 g = +17.7° (CHCI 3 , c = 0.51), and 1.6 g of trans- 
2,3,33,4,1 1,1 1a-hexahydro-2-[aIpha(S)-methylbenzyl]-1Hi3yrrolo[3 , ,4 , :4,5]pyrido[1,2-a]indole, diastereomer B, of 

20 melting point 154-156°C; [a] 2 g = -54.2° (CHCI 3 , c = 0.49). 

(ii) A suspension of 1 .4 g of the obtained diastereomer A in 80 ml of methanol was treated with 10% palladium-on- 
charcoal and 1 .4 g of ammonium formate. The mixture was heated to reflux, then cooled and filtered. The catalyst 
was washed with methanol and the filtrates were evaporated. Crystallization from ethyl acetate gave 0.87 g of (+)- 

25 trans-2,3,3a,4,1 1 ,1 1 a-hexahydro-1 HiDyrrolo[3 , ,4 , :4,5]pyrido[1 ,2-a]indole formate of melting point 188-1 90°C; [<x] 2 g 
o +49°(MeOH, c « 0.04). 

Example 17 

30 [0056] In a manner analogous to that described in Example 14, from (-)-trans-2,3,3a,4,11 t 11a-hexahydro-1H-pyr- 
rolo[3\4':4,5]pyrido[1,2-a]indole formate there was obtained (-)-trans-3-[2,3,3a,4,11,11a-hexahydro-2-methyi-1H-pyr- 
rolo[3\4\4,5]pyrido[1,2-a]indol-10-yl]-4-(1-methyl-3-indolyO-1H-pyrrole-2,5-dione hydrochloride of melting point 339- 
340°C; [a] 2 g = -[08° (MeOH, c =, 0.02). 

[0057] The pyridoindole formate used as the starting material was prepared as follows: 
35 [0058] In a manner analogous to that described in Example 16 (ii), from trans-2,3,3a f 4,1 1 ,1 1a-hexahydro-2-[alpha(S)- 
methyl-benzyll-m-pyrroloP'^'ASlpyridoIl^^indole, diastereomer B, [prepared as described in Example 16(i)] there 
was obtained (-)-trans-2,3,3a,4,1 1 ,1 1 a-hexahydro-1 H-pyrrolo[3\4':4,5]pyrtdo[1 ,2-a]indole formate of melting point 208- 
212°C; [a] 2 g = -49.9° (MeOH, c = 0.05). 

40 Example 18 

[0059] In a manner analogous to that described in Example 15, from (+)-trans-3-[2-(tert.butoxycarbonyl)- 
2,3,3a,4,11 r 11a-hexahydro-1H-pyrrolo^ pre- 
pared in a manner analogous to that described in Example 14 (vii) and (viii) from (+)-trans-2,3,3a,4,1 1 ,1 1a-hexahydro- 
45 1 H-pyrroto[3\4*:4,5]-pyrido[1 ,2-a]indole formate [prepared as described in Example 1 6]). there was obtained (+)-trans- 
3-(2,3,3a,4,1 1 ,1 1 a-hexahydro-1 H- Pyrrol o[3\4':4,5]pyrido[1 ,2-a]indole-10-yl)-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5- 
dione hydrochloride of melting point 276-280°C; [a] 2 g = + 50.1° (MeOH, c = 0.05). 

Example 19 

50 

[0060] In a manner analogous to that described in Example 15, from (-)-trans-2 ,3 ,3a,4, 11, 11 a-hexahydro-1 H-pyr- 
rolop'.^^.SlpyridoII^-aJindole formate [prepared as described in Example 17] there was obtained (-)-trans-3- 
p.S.SaAH.Ha-hexahydro-l H-pyrrolo[3\4^4,5]pyrido[1,2-a]in^ 
hydrochloride of melting point >330°C (decomposition); [a] 2 § = -59.6° (MeOH, c = 0.06). 

55 

Example 20 

[0061] A solution of 100 mg of (+)-trans-3-[2,3,3a,4,1 l.lla-hexahydro-IH-pyrroloIS ^'^.SlpyridoII^-alindol-IO-ylH- 



18 




EP 0 470 490 BU 

(1-methyl-3-indolyl)furan-2,5-dione hydrochloride in 4 m! of DMF and 4 ml of 33% aqueous ammonia was heated to 
140°C in a sealed vessel. The solvent was removed under reduced pressure and the residue was triturated with ethyl 
acetate to give 12 mg of (+)-trans-3-[2-formyt-2,3,3a,4J1,11a-he 

4-(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione of melting point 316-31 8°C; {a] 2 g = +59° (MeOH, c = 0.05). 
5 [0062] The furandione hydrochloride, melting point >340°C, used as the starting material was prepared as described 
in Example 14 from (+)-trans-2,3 I 3a,4 ( 11,11a-hexahydro-1H-pyrrolo[3' ,4' :4,5]pyrido[1 ,2-a] indole formate (obtained as 
descrfced in Example 16). 

Ex a m p l e 21 

10 

[0063] In a manner analogous to that described in Example 1(A), from 3-[7,9*dihydro-1'-methylspiro[6H-pyrido[1 ,2- 
a]indole-8,3'-piperidin]-10-yl]-4-(1 -methyl -3 -indolyl)furan-2,5-dione acetate there was obtained 3-[7,9-dihydro-1'-meth- 
ylspiro[6H-pyrido[1, 2-81^016-8,3*^ of melting point 144- 

146°C. 

15 [0064] The furandione used as the starting material was prepared as follows: 

(i) A solution of 400 mg of 3^1-(tert.butoxy-carbonyl)-7\9'-dih 

yl]-4-(1-methyl-3-indolyl)furan-2 I 5-dione in 10 ml of ethyl acetate was treated with 10 ml of a saturated solution of 
hydrogen chloride in ethyl acetate and stirred. The solvent was removed under reduced pressure and the residue 
20 was triturated with diethyl ether to give 240 mg of 3-[7\9'-dihydrospiro[piperidine-3,8X6'H)-pyrido[1 ,2-a]indo!-1 O'-yT]- 
4-(1-methyl-3-indolyl)furan-2,5-dione hydrochloride of melting point 162-165°C. 

(ii) A solution of 238 mg of the product of (i) in 20 ml of DMF was treated with 100 mg of potassium carbonate and 
100 mg of dimethyl sulphate. The mixture obtained was stirred, then diluted with water and extracted with dichlo- 

25 romethane. The organic extracts were washed with sodium chloride solution, dried and evaporated. Purification by 
chromatography on silica gel using dichloromethane/methanol/acetic acid/water (90:21 :2:3) for the elution gave 75 
mg of 3-[7,9-dihydro-1 -methylspiro[6H-pyrido[1 ,2-a]indole-8,3'-piperidin]-1 0-yl]-4-{1 -methyl-3-indolyl)furan-2,5- 
dione acetate of melting point 174-178°C. 

30 Example 22 

[0065] 

(A) A mixture of 285 mg of 1 ,1 ,1 ,3,3,3-hexamethyldisilazane and 31 mg of methanol was added to a solution of 100 
35 mg of 3-[2-(tert.butoxy-formamido)-7\9'-dihydro^ 

methyl-3-indolyl)furan-2,5-dione in 2 mi of DMF and stirred at 60°C under a nitrogen atmosphere. The mixture was 
poured into 1 0 ml of water and extracted with ethyl acetate. The organic extracts were washed with sodium chloride 
solution, dried and evaporated to give 85 mg of 3-[2[(tertbutoxyformamido)-7',9'-dihydrospiro[cyclopentane- 
1 .S'Ce'hQ-pyridoIl ,2-a]indol]-1 0'-yl]-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione of melting point 1 13-1 14°C. 

40 

(B) A solution of 85 mg of the product of (A) in 5 ml of ethyl acetate was treated with 10 ml of a saturated solution 
of hydrogen chloride in ethyl acetate and the mixture was stirred. The solvent was removed under reduced pres- 
sure and the residue was purified by chromatography on silica gel using dichloromethane/methanol/acetic 
acid/water (90:21:2:3) for the elution to give 22 mg of 3-[2-amino-7 , ,9 , -dihydrospiro[cyclopentane-1,8 f (6 , H)- 

45 pyrido[1 ,2-a]indoO-10'-yl]-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione hydrochloride of melting point 190°C 
(decomposition). 

The furandione starting material was prepared as follows: 

(i) A suspension of 1 .5 g of sodium hydride in 50 ml of DMF was treated with a solution of 14.35 g of ethyl 6,7- 
so dihydro-9-hydroxypyrido[1 ,2-a]indole-8-carboxylate in 50 ml of DMF under a nitrogen atmosphere. The mixture 

was stirred and was then treated with a solution of 13.7 g of tertbutyl 4-bromobutyrate in 50 ml of DMF The 
mixture was then heated to 60°C for 48 hours, cooled, poured into 500 ml of water and extracted with dichto- 
romethane. The organic extracts were washed with sodium chloride solution, dried and evaporated to give 9.5 
g of tertbutyl 8-(ethoxycarbonyl)-6 ( 7.8,9-tetrahydro-9-oxopyrido[1,2-a]indole-8-butyrate of melting point 
55 104°C. 

(ii) A solution of 9.5 g of the product of (i) in 200 ml of ethanol was treated with a supension of Raney nickel in 
water and the mixture was heated at reflux. The cooled mixture was filtered and the residue was washed with 
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ethyl acetate. The filtrate was extracted with ethyl acetate and the organic extracts were dried and evaporated 
to give 7.80 g of tertbutyl 8-(ethoxycarbonyl)-67,8,9-tetrahydropyrido[1,2-a]indole-8-butyrate. 

(iii) A solution of 7.78 g of the product of (ii) in 50 ml of THF was added to a solution of 2.83 g of potassium 
5 tert.butoxide in THF. The mixture was stirred under a nitrogen atmosphere, then poured into 100 ml of water 

and extracted with ethyl acetate. The organic extracts were dried and removed by evaporation to give 1 .25 g of 
tert.butyl T,9'<lihydro-2-oxospiro[cyclcpentane-^^ of melting point 

129-1 3 1°C. 

10 (iv) A solution of 1 .20 g of the product of (iii) in 1 00 ml of dichloromethane was treated with 5 ml of trif luoroace- 

tic add at -10°C under a nitrogen atmosphere. The solution was stirred and then toluene was added. The sol- 
vents were removed under reduced pressure and the residue was purified by chromatography on silica gel 
using dichloromethane/ methanol (95:5) for the elution to give 0.70 g of 7',9'-dihydrospiro[cyclopentane- 
1 ,8'(6'H)-pyrido[1 ,2-a]indol]-2-one of melting point 128-130°C. 

75 

(v) A solution of 0.73 g of hydroxylamine hydrochloride and 1 .41 g of potassium hydroxide in water was added 
to a solution of 

0.50 g of the product of (iv) in methanol and the solution obtained was heated to reflux. The cooled reaction mixture 
20 was neutralized with a saturated solution of ammonium chloride and extracted with diethyl ether. The ethereal extracts 
were dried and evaporated to give 0.43 g of 7\9'-dihydrospiro[cyclopentane-1 ,8'(6'H)-pyrido[1 ,2-a]indol]-2-one oxime of 
melting point 211 C C (decomposition). 

(vi) A solution of 1 .0 g of the product of (v) in THF was added to a suspension of 300 mg of lithium aluminium 
25 hydride in THF. The mixture was then heated to reflux, then cooled, poured into 100 ml of water and extracted with 
diethyl ether. The ethereal extracts were washed with 1 M hydrochloric acid and the acid washings were made basic 
with 2M sodium hydroxide and extracted with dichloromethane. The organic extracts were dried and evaporated to 
give 550 mg of T.g'-dihydrospiroIcyclopentane-I.S^e'HJ-pyridotl^-alindoll^-amine. 

30 (vii) A solution of 850 mg of the product of (vi) in 1 0 ml of dichloromethane was added to an ice-cold solution of 765 
mg of di-tert.butyl dicarbonate and 354 mg of triethylamine in dichloromethane. The mixture was stirred, then 
washed with water and with saturated sodium bicarbonate, dried and evaporated to give 1 .20 g of 2-(tert.butoxybr- 
mamidoJ^'^'-dihydrospiro-lcyclopentane-I.S'tSHJ-pyridotl^-alindole. 

35 (viii) 493 mg of oxalyl chloride were added to a solution of 1 .20 g of the product of (vii) in 50 ml of dichloromethane 
at -78°C. A solution of 735 mg of 1-methylindole-3 -acetic acid and 1 .78 g of triethylamine in 50 ml of dichlorometh- 
ane was added at -78°C under a nitrogen atmosphere. The mixture was then stirred at room temperature for 18 
hours and the solvent was removed under reduced pressure. The residue was purified by chromatography on silica 
gel using dichloromethane/methanol (95:5) for the elution to give 643 mg of S-p-flert.butoxyformamidoJ-T^'-dihy- 

40 dro-spirotcyclopentane-I.SXe'HJ-pyrido^^^ of melting point 

123-125°C. 

Example 23 

45 [0066] In a manner analogous to that described in Example 14, from trans-3-[2-(tert.butoxyformamido)-8',9'-dihydros- 
piro-[cyclopropane-1 ,7X6*l^-pyrido[1 ,2-a]in^ (prepared as described in 

Example 4) there was obtained trans-3-[8\9 , <lihydro-2-dimethylamino-spiro[cyclopropane-1,7{6 , H)-pyrido[1 f 2-a]indoQ- 
10-yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione hydrochloride of melting point 258-261 °C (decomposition). 
[0067] The following Examples illustrate typical pharmaceutical preparations containing compounds provided by the 

so present invention: 

Example A 

[0068] Tablets containing the following ingredients may be produced in a conventional manner: 

55 
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Ingredient 


Per tablet 


Compound of formula I 


5.0 mg 


Lactose 


125.0 mg, 


Maize starch 


75.0 mg 


Talc 


4.0 mg 


Magnesium stearate 


1.0 mg 


Tablet weight 


210.0 ma 



Example B 

[0089] Capsules containing the following indredients may be produced in a conventional manner: 



Ingredient 


Per capsule 


Compound ol formula 1 


10.0 mg 


Lactose 


165.0 mg 


Maize starch 


20.0 mg 


Talc 


5.0 mg 


Capsule fill weight 


200.0 ma 



Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Compounds of the general formula 



H 




| | R 8 R 7 

<CH 2 ) m c— (CH 2 ) q X (CH 2 ) p R 1 

CH R 2 
R 3 



wherein R 1 and R 3 together form a bond and R 2 represents hydrogen or R 1 and R 2 together form a bond and 
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R 3 represents hydrogen; R 4 , R 5 , R 6 and R 7 each independently represent hydrogen, halogen, alkyl, haloalkyl. 
alkoxy, nitro, amino, alkanoylamino, aroylamino, alkytthio or alkylsulphonyl; R 8 represents hydrogen, alkyl or 
aralkyl; X represents -N(R 9 )- or -CHN(R 10 ,R 11 )- in which R 9 , R 10 and R 11 each represent hydrogen, alkyl, 
aralkyl or alkanoyl; m stands for 0-2 and n stands for 1-3, with the proviso that the sum of m and n is 1-3; p 

5 stands for 0-4 and q stands for 0-4, with the proviso that the sum of p and q is 2-4 when X represents -N(R 9 )- 

, that the sum of p and q is 1 -5 when X represents -CHN(R 10 ,R 1 1 )- and R 1 and R 2 together form a bond, that 
the sum of p and q is 0-4 when X represents -CHN(R 10 ,R 11 )- and R 1 and R 3 together form a bond and that p 
stands for 1-4 when X represents -NfR 9 )-, R 1 and R 3 together represent a bond and m stands for 0, 
the term "alkyl". alone or in combination, designating a straight-chain or branched-chain alkyl group containing 

70 a maximum of 7 carbon atoms, the term "alkanoyl", alone or in combination, designating an alkanoyl group 

derived from an alkanoic acid containing a maximum of 7 carbon atoms, the term "aralkyl" designating an alkyl 
group as defined above in which one of the hydrogen atoms is replaced by a phenyl group or a phenyl group 
carrying one or more substituents selected from halogen, alkyl, haloalkyl and hydroxy and the aroyl moiety of 
an aroylamino group being derived from an aromatic carboxylic acid which can be optionally substituted by 

75 alkyl, alkoxy or halogen, as well as pharmaceutically acceptable salts of acidic compounds of formula I with 

bases and of basic compounds of formula I with acids. 

2. Compounds according to claim 1 , wherein R 1 and R 3 together form a bond and R 2 represents hydrogen, X repre- 
sents -N(R 9 )- and m, n, p and q each stand for 1. 

3. Compounds according to claim 1 , wherein R 1 and R 2 together form a bond and R 3 represents hydrogen, X repre- 
sents -N(R 9 )-, m, n and q stand for 1 and p stands for 2. 

4. Compounds according to any one of claims 1 to 3 t wherein R 4 , R 5 , R 6 , and R 7 each represent hydrogen. 

5. Compounds according to any one of claims 1 to 4, wherein R 8 represents alkyl, preferably methyl. 

6. Compounds according to any one of claims 1 to 5, wherein R 9 represents hydrogen or alkyl, preferably hydrogen 
or methyl. 

7. Compounds according to claim 1 or any one of claims 4 to 6, wherein R 10 and R 11 each represent hydrogen or 
each represent alkyl, preferably methyl. 

8. Compounds according to claim 1 of the group of 



20 



25 



30 



35 

3-[6,7,8 t 9-Tetrahydrospiro[pyrido[1 ,2-a]indole-8,3'-pyrrolidin]-1 0-yl]-4-(1 -methyl-3-indolyl)-1 H -pyrrol e-2, 5- 
dione, 

cis-3-[2,3,3a,4,1 1,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3',4*:4,5]pyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyi-3- 
indolyt)-1 H-pyrrole-2,5-dione, 

40 trans-S-p.a.SaAl 1,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indol-10-yl]-4-(1 -methyl-3- 

indolyl)-1 H-pyrrole-2,5-dione. 

9. Compounds of the general formula 

45 



50 



55 
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n 



\ /\ 

CM M 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m. n, p and q have the significance given in claim 1 and X' represents 
-N(R 9 )- or -CHN(R 10 ,R 11 ')- in which R 9 , R 10 and R 11 ' each represent hydrogen, alkyl, aralkyl, alkanoyl, alkox- 
ycarbonyl or aryloxycarbonyl. 

10. Compounds according to any one of claims 1 to 8 for use as antiinflammatory, immunological, oncological, bron- 
chopulmonary, dermatological and cardiovascular active substances, as active substances in the treatment of 
asthma, AIDS or diabetic complications or as active substances for the stimulation of hair growth. 

11 . A process for the manufacture of the compounds according to any one of claims 1 to 8, which process comprises 

(a) reacting a compound of the general formula 




IX 



CH r2 



»H 1 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m ( n, p and q have the significance given in claim 1 and X' represents 
-N(R 9 )- or -CHN(R 10 ,R 1 v )- in which R 9 , R 10 ' and R 1 r each represent hydrogen, alkyl, aralkyl, alkanoyl, alkox- 
ycarbonyl or aryloxycarbonyl, 

with ammonia under pressure or with hexamethyldisilazane and methanol and, where required, cleaving off 
any alkoxycarbonyl or aralkoxycarbonyl group(s) present in the reaction product, or 

(b) for the manufacture of a compound of formula I in which R 8 represents hydrogen, debenzylating a com- 
pound of formula I in which R 8 represents benzyl, 
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(c) if desired, converting an acidic compound of formula I into a pharmaceutical ly acceptable salt with a base 
or converting a basic compound of formula I into a pharmaceutically acceptable salt with an acid. 

12. A medicament, particularly an antiinflammatory, immunological, oncological, bronchopulmonary, dermatological or 
cardiovascular medicament or a medicament for the treatment of asthma, AIDS or diabetic complications or for the 
stimulation of hair growth, containing a compound according to any one of claims 1 to 8 and a therapeutically inert 
carrier material. 

1 3. The use of a compound according to any one of claims 1 to 8 for the manufacture of a medicament against inflam- 
matory, immunological, oncological, bronchopulmonary, dermatological or cardiovascular disorders or against 
asthma, AIDS or diabetic complications or for the stimulation of hair growth. 

Claims for the following Contracting State : ES 

1 . A process for the manufacture of compounds of the general formula 



wherein R 1 and R 3 together form a bond and R 2 represents hydrogen or R 1 and R 2 together form a bond and 
R 3 represents hydrogen; R 4 , R 5 , R 6 and R 7 each independently represent hydrogen, halogen, alkyl, haloalkyl, 
alkoxy, nitro, amino, alkanoylamino, aroylamino, alkylthio or alkylsulphonyl; R 8 represents hydrogen, alkyl or 
aralkyl; X represents -NfR 9 )- or -CHN(R 10 ,R 11 )- in which R 9 , R 10 and R 11 each represent hydrogen, alkyl, 
aralkyl or alkanoyl; m stands for 0-2 and n stands for 1-3, with the proviso that the sum of m and n is 1-3; p 
stands for 0-4 and q stands for 0-4, with the proviso that the sum of p and q is 2-4 when X represents -N(R 9 )- 
, that the sum of p and q is 1-5 when X represents -CHN(R 10 ,R 11 )- and R 1 and R 2 together form a bond, that 
the sum of p and q is 0-4 when X represents -CHN(R 10 ,R 11 )- and R 1 and R 3 together form a bond and that p 
stands for 1 -4 when X represents -NfR 9 )-, R 1 and R 3 together represent a bond and m stands for 0, 
the term "alkyl", alone or in combination, designating a straight-chain or branched-chain alkyl group containing 
a maximum of 7 carbon atoms, the term "alkanoyl", alone or in combination, designating an alkanoyl group 
derived from an alkanoic acid containing a maximum of 7 carbon atoms, the term "aralkyl" designating an alkyl 
group as defined above in which one of the hydrogen atoms is replaced by a phenyl group or a phenyl group 
carrying one or more substituents selected from halogen, alkyl, haloalkyl and hydroxy and the aroyl moiety of 
an aroylamino group being derived from an aromatic carboxylic acid which can be optionally substituted by 
alkyl, alkoxy or halogen, as fern as pharmaceutically acceptable salts of acidic compounds of formula I with 
bases and of basic compounds of formula I with acids, which process comprises 

(a) reacting a compound of the general formula 



H 




I 
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w 



15 



20 



35 



40 



45 



50 




II 



(CH 2 ) n J 

R 9 R 7 



(CH 2 ) m c— (CH 2 ) q X' (CH 2 ) p — R 1 

\ A 
CH R 2 

R 3 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m, n, p and q have the significance given above and X' represents - 
N(R 9 ')- or -CHN(R 10 ,R 11 )- in which R 9 ', R 10 and R 1 1 each represent hydrogen, alkyl, aralkyl, alkanoyl, alkox- 
ycarbonyl or aryloxycarbonyl, 

with ammonia under pressure or with hexamethyldisilazane and methanol and, where required, cleaving off 
25 any alkoxycarbonyl or aralkoxycarbonyl group(s) present in the reaction product, or 

(b) for the manufacture of a compound of formula I in which R 8 represents hydrogen, debenzylating a com- 
pound of formula I in which R 8 represents benzyl, 

30 (c) if desired, converting an acidic compound of formula I into a pharmaceutical^ acceptable salt with a base 

or converting a basic compound of formula I into a pharmaceutical ly acceptable salt with an acid. 

2. A process according to claim 1 , wherein R 1 and R 3 together form a bond and R 2 represents hydrogen, X represents 
-N(R 9 )- and m, n, p and q each stand for 1 . 



3. A process according to claim 1 , wherein R 1 and R 2 together form a bond and R 3 represents hydrogen, X represents 
-N(R 9 )-, m, n and q stand for 1 and p stands for 2. 

4. A process according to any one of claims 1 to 3. wherein R 4 , R 5 , R 6 , and R 7 each represent hydrogen. 

5. A process according to any one of claims 1 to 4, wherein R 8 represents alkyl, preferably methyl. 

6. A process according to any one of claims 1 to 5, wherein R 9 represents hydrogen or alkyl, preferably hydrogen or 
methyl. 

7. A process according to claim 1 or any one of claims 4 to 6, wherein R 10 and R 1 1 each represent hydrogen or each 
represent alkyl, preferably methyl. 

8. A process according to claim 1 , wherein a product of the following group is prepared: 



3-16,7,8,9-TetrahydrospirotpyridoI^ 
dione, 

cis-3-[2,3,3a,4,1 1 , 1 1 a-Hexahydro-2-m^^ 
indolyl)-1 H-pyrrole-2,5-dione, 

55 trans-3-[2,3,3a,4,1 1,1 1a-Hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indol-10-yl]-4-(1-methyl-3- 

indolyl)-1 H-pyrrole-2,5-dione. 

9. The use of a compound according to any one of claims 1 to 8 for the manufacture of a medicament against 
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inflamma-tory, immunological, oncological, bronchopulmonary, dermato-logical or cardiovascular disorders or 
against asthma, AIDS or diabetic complications or for the stimulation of hair growth. 

10. A process for the manufacture of a medicament, especially an antiinflammatory, immunological, oncological, bron- 
chopulmonary, dermatological or cardiovascular medicament or a medicament for the treatment of asthma, AIDS 
or diabetic complications or for the stimulation of hair growth, which process comprises bringing a compound 
according to any one of claims 1-8 into a galenical administration form together with a therapeutically inert carrier 
material and. if desired, one or more other therapeutically active substances. 

Claims for the following Contracting State : GR 

1 . A process for the manufacture of compounds of the general formula 




wherein R 1 and R 3 together form a bond and R 2 represents hydrogen or R 1 and R 2 together form a bond and 
R 3 represents hydrogen; R 4 , R 5 , R 6 and R 7 each independently represent hydrogen, halogen, alkyl, haloalkyl, 
alkoxy nitro, amino, alkanoylamino, aroylamino, alkyfthio or alkylsulphonyl; R 8 represents hydrogen, alkyl or 
aralkyl; X represents -N(R 9 )- or -CHN(R 10 ,R 11 )- in which R 9 , R 10 and R 11 each represent hydrogen, alkyl, 
aralkyl or alkanoyl; m stands for 0-2 and n stands for 1-3, with the proviso that the sum of m and n is 1-3; p 
stands for 0-4 and q stands for 0-4, with the proviso that the sum of p and q is 2-4 when X represents -N(R 9 )- 
, that the sum of p and q is 1-5 when X represents -CHN(R 10 ,R 11 )- and R 1 and R 2 together form a bond, that 
the sum of p and q is 0-4 when X represents CHN(R 10 ,R 11 )- and R 1 and R 3 together form a bond and that p 
stands for 1-4 when X represents -N(R 9 )-, R 1 and R 3 together represent a bond and m stands for 0, 
the term "alkyl", alone or in combination, designating a straight-chain or branched -chain alkyl group containing 
a maximum of 7 carbon atoms, the term "alkanoyl", alone or in combination, designating an alkanoyl group 
derived from an alkanoic acid containing a maximum of 7 carbon atoms, the term "aralkyl" designating an alkyl 
group as defined above in which one of the hydrogen atoms is replaced by a phenyl group or a phenyl group 
carrying one or more substituents selected from halogen, alkyl, haloalkyl and hydroxy and the aroyl moiety of 
an aroylamino group being derived from an aromatic carboxylic acid which can be optionally substituted by 
alkyl, alkoxy or halogen, as well as pharmaceutical^ acceptable salts of acidic compounds of formula I with 
bases and of basic compounds of formula I with acids, which process comprises 

(a) reacting a compound of the general formula 
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10 



15 




(CH^ C— (CH 2 ) q X' (CH 2 ) p ■ 



R 3 



•R 1 



II 



20 



25 



30 



35 



40 



45 



50 



55 



5. 

6. 

7. 



wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m, n, p and q have the significance given above and X* represents - 
N(R 9 )- or -CHN(R 10 ',R 11 ')- in which R 9 ', R 10 ' and R 1V each represent hydrogen, alkyl, aralkyl. alkanoyl, alkox- 
ycarbonyl or aryloxycarbonyl, 

with ammonia under pressure or with hexamethyldisilazane and methanol and, where required, cleaving off 
any alkoxycarbonyt or aralkoxycarbonyl group(s) present in the reaction product, or 

(b) for the manufacture of a compound of formula I in which R 8 represents hydrogen, debenzylating a com- 
pound of formula I in which R 8 represents benzyl, 

(c) if desired, converting an acidic compound of formula I into a pharmaceutical^ acceptable salt with a base 
or converting a basic compound of formula I into a pharmaceutical^ acceptable salt with an acid. 

A process according to claim 1 , wherein R 1 and R 3 together form a bond and R 2 represents hydrogen, X represents 
-N(R 9 )- and m, n, p and q each stand for 1. 

A process according to claim 1 , wherein R 1 and R 2 together form a bond and R 3 represents hydrogen, X represents 
-N(R 9 )-, m, n and q stand for 1 and p stands for 2. 

A process according to any one of claims 1 to 3, wherein R 4 , R 5 , R 6 , and R 7 each represent hydrogen. 

A process according to any one of claims 1 to 4, wherein R 8 represents alkyl, preferably methyl. 

A process according to any one of claims 1 to 5, wherein R 9 represents hydrogen or alkyl, preferably hydrogen or 
methyl. 

A process according to claim 1 or any one of claims 4 to 6, wherein R 10 and R 11 each represent hydrogen or each 
represent alkyl, preferably methyl. 



8. A process according to claim 1 , wherein a product of the following group is prepared: 

a-pJ.S.S-TetrahydrospirolpyridoII^-alindole-S.a'-pyrrolidinl-IO-yO^-Cl -methyl-3-indoly!)-1H-pyrrole-2,5- 
dione, 

cis-3-[2,3,3a,4,1 1,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indol-10-yl]-4-(1 -methyl-3- 
indolyl)-1 H-pyrrole-2,5-dione, 

trans-3-[2 ( 3,3a l 4,11 l 11a-Hexahydro-2-methy1-1Hi3yrrolo[3\4^4,5]pyrido[1,2-a]in 
indolyl)-1 H-pyrrole-2,5-dione. 

9. A process for the manufacture of a medicament, especially an antiinflammatory, immunological, oncological, bron- 
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chopulmonary, dermatological or cardiovascular medicament or a medicament for the treatment of asthma, AIDS 
or diabetic complications or for the stimulation of hair growth, which process comprises bringing a compound 
according to any one of claims 1-8 into a galenical administration form together with a therapeutically inert carrier 
material and, if desired, one or more other therapeutically active substances. 

5 

10. The use of a compound according to any one of claims 1 to 8 for the manufacture of a medicament against 
inflamma-tory, immunological, oncological, bronchopulmonary, dermato-logical or cardiovascular disorders or 
against asthma, AIDS or diabetic complications or for the stimulation of hair growth. 

to 11. Compounds of the general formula 
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wherein R 1 , R 2 , R 3 , R 4 , R 5 , R 5 , R 7 , R 8 , m, n, p and q have the significance given in claim 1 and X* represents 
-N(R 9 )- or-CHN(R 10 ) R ir )-in which R 9 ', R 10 ' and R 11 " each represent hydrogen, alkyl, aralkyl, alkanoyl, alkox- 
ycarbonyl or aryloxycarbonyl. 

35 Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Verbindungen der allgemeinen Formel I 

40 
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worin R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff bedeutet oder R 1 und R 2 

25 zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff bedeutet; jeder Rest R 4 R 5 , R 6 und R 7 unab- 

hangig Wasserstoff, Halogen, Alkyl, Halogenalkyl, Alkoxy, Nitro, Amino, Alkanoylamino, Aroylamino, Alkylthio 
Oder Alkylsulfonyl bedeutet; R 8 Wasserstoff, Alkyl Oder Aralkyl bedeutet; X -N(R 9 )- oder -CHN(R 10 ,R 11 )- 
bedeutet, worin jeder Rest R 9 , R 10 und R 11 Wasserstoff, Alkyl, Aralkyl oder Alkanoyl bedeutet; m fur 0-2 steht 
und n fur 1 -3 steht, mit der MaGgabe, daB die Summe von m und n 1-3 ist; p steht fur 0-4 und q steht fur 0-4, 

so mit der MaBgabe, daB die Summe von p und q 2-4 ist, wenn X -N(R 9 )- bedeutet, daB die Summe von p und q 

1-5 ist, wenn X -CHN(R 10 ,R 11 ) - bedeutet und R 1 und R 2 zusammen eine Verbindungsstelle bilden, daB die 
Summe von p und q 0-4 ist, wenn X -CHN(R 10 ,R 11 )- bedeutet und R 1 und R 3 zusammen eine Verbindungs- 
stelle bilden und daG p fur 1-4 steht, wenn X -NfR 9 )- bedeutet, R 1 und R 3 zusammen eine Verbindungsstelle 
bedeuten und m fur 0 steht, der Ausdruck "Alkyl", allein oder in Kombination, eine geradkettige oder verzweigt- 

35 kettige Alkylgruppe bezeichnet, enthaltend ein Maximum von 7 Kohlenstoffatomen, der Ausdruck "Alkanoyl", 

allein oder in Kombination, eine Alkanoylgruppe bezeichnet, abgeleitet von einer Alkansaure, enthaltend ein 
Maximum von 7 Kohlenstoffatomen, der Ausdruck "Aralkyl" eine Alkylgruppe, wie oben definiert, bezeichnet, 
in welcher eines der Wasserstoffatome ersetzt ist durch eine Phenylgruppe oder eine Phenylgruppe, tragend 
einen oder mehrere Substituenten, ausgewahlt aus Halogen, Alkyl, Halogenalkyl und Hydroxy und den Aroyl- 

40 rest einer Aroylaminogruppe, abgeleitet von einer aromatischen Carbonsaure, welche gegebenenfalls durch 

Alkyl, Alkoxy oder Halogen substituiert sein kann, als auch pharmazeutisch geeignete Salze von sauren Ver- 
bindungen der Formel I mit Basen und von basischen Verbindung der Formel I mit Sauren. 

2. Verbindungen nach Anspruch 1 , worin R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff 
45 bedeutet, X -N(R 9 )- bedeutet und jeder Index m, n ( p und q fur 1 steht. 

3. Verbindungen nach Anspruch 1 , worin R 1 und R 2 zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff 
bedeutet, X -N(R 9 )- bedeutet, und jeder Index m, n und q fur 1 steht und der Index p fur 2 steht. 

so 4. Verbindungen nach einem der Anspruche 1 bis 3, worin jeder Rest R 4 , R 5 , R 6 und R 7 Wasserstoff bedeutet. 

5. Verbindungen nach irgend einem der Anspruche 1 bis 4, worin R 8 Alkyl, bevorzugterweise Methyl, bedeutet. 

6. Verbindungen nach irgendeinem der Anspruche 1 bis 5, worin R 9 Wasserstoff oder Alkyl, bevorzugterweise Was- 
55 serstoff oder Methyl, bedeutet 

7. Verbindungen nach Anspruch 1 oder irgendeinem der Anspruche 4 bis 6, worin jeder Rest R 10 und R 11 Wasser- 
stoff bedeutet oder jeder Alkyl, bevorzugterweise Methyl, bedeutet 
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8. Verbindungen nach Anspruch 1 der Gruppe von 

3-[6,7,8 ( 9-Tetrahydrospiro[pyrido[1 ,2-a]indol-8,3'-pyrrolidin]-1 0-yl]-4-(1 -methyl -3-inddyl)-1H-pyrrol-2 t 5-dion, 
cis-3-[2,3,3a,4,1 1 ,1 1 a-Hexahydro-2-methyl-1 H-pyrroloP'^'tf.Slpyridotl ,2-a]indol-1 0-yQ-4-(1 -methyl -3-indo- 
lyl)-1 H-pyrrol-2,5-dion, 

trans-3-[2,3,3a t 4, 11,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3\4*:4,5]pyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyl-3-indo- 
lyl)-1 H-pyrrol-2,5-dion. 

9. Verbindungen der allgemeinen Formel II 




(ID 



worin R\ R 2 R 3 , R 4 , R 5 , R 6 , R 7 , R 8 . m, n, p und q die in Anspruch 1 angegebene Bedeutung haben und X' - 
N(R 9 )- Oder -CHN(R 10, ,R 11 ')- bedeutet, in welchen R 9 , R 10 ' und R 11 ' jeder Wasserstoff, Alkyl, Arylkyl, Alka- 
noyl, Alkoxycarbonyl oder Aryloxycarbonyl bedeutet 

10. Verbindungen nach irgendeinem der Anspruche 1 bis 8 fur die Verwendung als antiinflammatorische, immunologi- 
sche, onkologische, bronchopulmonare, dermatologische und kardiovaskuiare aktive Substanzen, als aktive Sub- 
stanzen in der Behandlung von Asthma, AIDS oder diabetischen Kbmpltkationen oder als aktive Substanzen fur die 
Stimulation des Haarwachstums. 

11. Ein Verfahren fur die Herstellung der Verbindungen nach irgendeinem der Anspruche 1 bis 8, welches Verfahren 
umfaGt 



(a) das Umsetzen einer Verbindung der allgemeinen Formel II 
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(ID 



worin R 1 , R 2 R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m, n, p und q die im Anspruch 1 angegebene Bedeutung haben und X* - 
N(R 9 ')-oder -CHN(R 10r ,R 11 *)- bedeutet, in welchen jeder Rest R 9 , R 10 ' und R 11 ' Wasserstoff, Alkyl, Aralkyl, 
Alkanoyl, Alkoxycarbonyl cder Aryloxycarbonyl bedeutet, 

mit Ammoniak unter Druck oder mit Hexamethyldisilazan und Methanol und, wo erforderlich, Abspalten irgend- 
einer Alkoxycarbonyl- oder Aralkoxycarbonylgruppe (n), vorhanden in dem Reaktionsprodukt, Oder 

(b) fQr die Herstellung einer Verbindung der Forme) I, in welcher R 8 Wasserstoff bedeutet, Debenzylieren einer 
Verbindung der Formel I, in welcher R 8 Benzyl bedeutet, 

(c) falls gewunscht, Umwandeln einer sauren Verbindung der Formel I in ein pharmazeutisch geeignetes Salz 
mit einer Base, oder Umwandeln einer basischen Verbindung der Formel I in ein pharmazeutisch geeignetes 
Salz mit einer SSure. 

12, Ein Medikament, insbesondere ein antiirTflarnmatorisches, immunologischea onkologisches, bronchopulmonares, 
dermatologisches oder kardiovaskulSres Medikament oder ein Medikament fur die Behandlung von Asthma, AIDS 
oder diabetischen Komplikationen oder fur die Stimulation des Haarwachstums, enthaltend eine Verbindung nach 
irgendeinem der Anspruche 1 bis 8 und ein therapeutisch inertes Tragermaterial. 

13. Die Verwendung einer Verbindung nach irgendeinem der Anspruche 1 bis 8 fur die Herstellung eines Medikaments 
gegen inflammatorische, immunologische, onkdogische, bronchopulmonare, dermatologische oder kardiovasku- 
lare StGrungen oder gegen Asthma, AIDS oder diabetische Komplikationen oder fur die Stimulation von Haar- 
wachstum. 

Patenfanspruche fur folgenden Vertragsstaat : ES 

1 . Ein Verfahren fur die Herstellung von Verbindungen der allgemeinen Formel I 
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worm R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff bedeutet oder R 1 und R 2 
zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff bedeutet; jeder Rest R 4 , R 5 , R 6 und R 7 unab- 
hangig Wasserstoff, Halogen, Alkyl, Halogenalkyl, Alkoxy, Nitro, Amino, Alkanoylamino, Aroylamino, Alkylthio 
Oder AlkylsuKonyl bedeutet; R 8 Wasserstoff, Alkyl oder Aralkyl bedeutet; X -N(R 9 )- oder -CHN(R 10 ,R 11 )- 
bedeutet, worin jeder Rest R 9 , R 10 und R 11 Wasserstoff, Alkyl, Aralkyl oder Alkanoyl bedeutet; m fur 0-2 steht 
und n fur 1-3 steht, mtt der MaBgabe, daB die Summe von m und n 1-3 ist; p steht fur 0-4 und q steht fur 0-4, 
mit der MaBgabe, daB die Summe von p und q 2-4 ist, wenn X -N(R 9 )- bedeutet, daB die Summe von p und q 
1-5 ist, wenn X -CHN(R 10 ,R 11 )- bedeutet und R 1 und R 2 zusammen eine Verbindungsstelle bilden, daB die 
Summe von p und q 0-4 ist, wenn X -CHN(R 10 ,R 11 )- bedeutet und R 1 und R 3 zusammen eine Verbindungs- 
stelle bilden und daB p fur 1-4 steht, wenr X -N(R 9 )- bedeutet, R 1 und R 3 zusammen eine Verbindungsstelle 
bedeuten und m fOr 0 steht, der Ausdruck "Alkyl", ailein oder in Kombination, eine geradkettige oder verzweigt- 
kettige Alkylgruppe bezeichnet. enthaltend ein Maximum von 7 Kohlenstoffatomen, der Ausdruck "Alkanoyl", 
allein oder in Kombination, eine Alkanoylgruppe bezeichnet, abgeleitet von einer Alkansaure, enthaltend ein 
Maximum von 7 Kohlenstoffatomen, der Ausdruck "Aralkyl" eine Alkylgruppe, wie oben definiert, bezeichnet, 
in welcher eines der Wasserstoffatome ersetzt ist durch eine Phenylgruppe oder eine Phenylgruppe, tragend 
einen oder mehrere Substituenten, ausgewahlt aus Halogen, Alkyl, Halogenalkyl und Hydroxy und den Aroyl- 
rest einer Aroylaminogruppe, abgeleitet von einer aromatischen Carbonsaure, welche gegebenenfalls durch 
Alkyl, Alkoxy oder Halogen substituiert sein kann, als auch pharmazeutisch geeignete Salze von sauren Ver- 
bindungen der Formel I mit Basen und von basischen Verbindung der Forme) I mit Sauren, welches Verfahren 
umfaBt 

(a) das Umsetzen einer Verbindung der allgemeinen Formel II 
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worin R 1 , R 2 R 3 , R 4 , R 5 , R 6 , R 7 , R 8 . m, n, p und q die vorstehend angegebene Bedeutung haben und X* - 
(N(R 9 )- Oder -CHN(R 10 ',R ir )- bedeutet. in welchen jeder Rest R 9 ', R 10 ' und R 1V Wasserstoff. Alkyl, Aralkyl. 
Alkanqyl, Alkoxycarbonyl oder Aryloxycarbonyl bedeutet, 

mit Ammoniak unter Druckoder mit Hexamethyldisilazan und Methanol und, wo erforderlich, Abspalten irgend- 
25 einer Alkoxycarbonyl- oder Aralkoxycarbonylgruppe(n), vorhanden in dem Reaktionsprodukt, oder 

(b) fur die Herstellung einer Verbindung der Form el I, in welcher R 8 Wasserstoff bedeutet, Debenzylieren einer 
Verbindung der Formel I, in welcher R 8 Benzyl bedeutet, 

(c) falls gewunscht, Umwandeln einer sauren Verbindung der Formel I in ein pharmazeutisch geeignetes Salz 
mit einer Base, oder Umwandeln einer basischen Verbindung der Formel I in ein pharmazeutisch geeignetes 

30 Salz mit einer Sdure. 

2. Ein Verfahren nach Anspruch 1 , worin R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff 
bedeutet, X -N(R 9 )- bedeutet und jeder Index m, n, p und q fur 1 steht. 

35 3. Ein Verfahren nach Anspruch 1 , worin R 1 und R 2 zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff 
bedeutet, X -N(R 9 )- bedeutet, und jeder Index m, n und q fiir 1 steht und der Index p fur 2 steht. 

4. Ein Verfahren nach irgendeinem der Anspruch e 1 bis 3, worin jeder Rest R 4 , R 5 , R 6 und R 7 Wasserstoff bedeutet. 

40 5. Ein Verfahren nach irgendeinem der Anspruch e 1 bis 4, worin R 8 Alkyl, bevorzugterweise Methyl, bedeutet. 

6. Ein Verfahren nach irgendeinem der Anspruche 1 bis 5, worin R 9 Wasserstoff oder Alkyl, bevorzugterweise Was- 
serstoff oder Methyl, bedeutet. 

45 7. Ein Verfahren nach Anspruch 1 oder irgendeinem der Anspruche 4 bis 6, worin jeder Rest R 10 und R 1 1 Wasserstoff 
bedeutet oder jeder Alkyl, bevorzugterweise Methyl, bedeutet. 

8. Ein Verfahren nach Anspruch 1 , worin ein Produkt der folgenden Gruppe hergestellt ist: 

so 3-[6,7,8,9-Tetrahydrospiro[pyrido[1 ,2-a]indol-8,3'-pyrrolidin]-10-yl]-4-(1 -methyl -3 -indolyl)-1 H-pyrrol-2,5-dion, 

cis-3-[2,3,3a,4,1 1,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3',4':4,5]pyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyl -3-indo- 
lyl)-1H-pyrrof-2,5-dion, 

trans-3-[2,3,3a,4,1 1,11 a-Hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indol-10-yl]-4-(1 -methyl-3-indo- 
lyl)-1H-pyrrol-2,5-dion. 

55 

9. Die Verwendung einer Verbindung nach irgendeinem der Anspruche 1 bis 8 fur die Herstellung eines Medikaments 
gegen inflammatorische, immunologische, onkologische, bronchopulmonare, dermatologische oder kardiovasku- 
ISre Stdrungen oder gegen Asthma, AIDS oder diabetische Komplikationen oder fur die Stimulation von Haar- 
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wachstum. 

10. Ein Verfahren for die Herstellung eines Medikaments, insbesondere eines entzundungshemmenden, immunologi- 
schen, onkologischen, bronchopulmonaren, dermatologischen oder kardiovaskularen Medikaments, Oder eines 
Medikaments fOr die Behandlung von Asthma, AIDS oder diabetischen Komplikationen, oder for die Stimulation 
des Haarwachstums, welches Verfahren das Einbringen einer Verbindung nach irgendeinem der Anspruche 1 bis 
8 in eine galenische Verabreichungsform, zusammen mit ein em therapeutisch inerten Trager material, und, falls 
gewQnscht, einer oder mehreren anderen therapeutisch aktiven Substanzen, umfaGt. 

Patentanspriiche fur folgenden Vertragssiaat : GR 

1 . Ein Verfahren fur die Herstellung von Verbindungen der allgemeinen Formel I 





( 1 m A"* CH 2 > q— X — ( CH 2 ' p— R 



(I) 



worin R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff bedeutet oder R 1 und R 2 
zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff bedeutet; jeder Rest R 4 , R 5 , R 6 und R 7 unab- 
hangig Wasserstoff, Halogen, Alkyl, Halogenalkyl, Alkoxy, Nitro, Amino, Alkanoylamino, Aroylamino, Alkytthio 
oder Alkylsulfonyl bedeutet; R 8 Wasserstoff, Alkyl oder Aralkyl bedeutet; X -I^R 9 )- oder -CHN(R 10 ,R 11 )- 
bedeutet, worin jeder Rest R 9 , R 10 und R 11 Wasserstoff, Alkyl, Aralkyl oder Alkanoyl bedeutet; m fur 0-2 steht 
und n fur 1-3 steht, mit der MaBgabe, daB die Summe von m und n 1-3 ist; p steht fur 0-4 und q steht fur 0-4, 
mit der MaBgabe, daB die Summe von p und q 2-4 ist, wenn X -NfR 9 )- bedeutet, daB die Summe von p und q 
1-5 ist, wenn X -CHN(R 10 ,R 11 )- bedeutet und R 1 und R 2 zusammen eine Verbindungsstelle bilden, daB die 
Summe von p und q 0-4 ist wenn X -CHN(R 10 ,R 11 )- bedeutet und R 1 und R 3 zusammen eine Verbindungs- 
stelle bilden und daB p fur 1-4 steht, wenn X -N(R 9 )- bedeutet, R 1 und R 3 zusammen eine Verbindungsstelle 
bedeuten und m for 0 steht, der Ausdruck "Alkyl", allein oder in Kombi nation, eine geradkettige oder verzweigt- 
kettige Alkylgruppe bezeichnet, enthartend ein Maximum von 7 Kohlenstoffatomen, der Ausdruck "Alkanoyl", 
allein oder in Kombination, eine Alkanoylgruppe bezeichnet, abgelertet von einer Alkansaure, enthaltend ein 
Maximum von 7 Kohlenstoffatomen, der Ausdruck "Aralkyl" eine Alkylgruppe, wie oben definiert, bezeichnet, 
in welch er eines der Wasserstotfatome ersetzt ist durch eine Phenylgruppe oder eine Phenylgruppe, tragend 
einen oder mehrere Substituenten, ausgewahlt aus Halogen, Alkyl, Halogenalkyl und Hydroxy und den Aroyl- 
rest einer Aroylaminogruppe, abgeleitet von einer aromatischen Carbonsaure, welche gegebenenfalls durch 
Alkyl, Alkoxy oder Halogen substituiert sein kann, als auch pharmazeutisch geeignete Salze von sauren Ver- 
bindungen der Formel I mit Basen und von basischen Verbindung der Formel I mit Sauren, welches Verfahren 
umfaBt 

(a) das Umsetzen einer Verbindung der allgemeinen Formel II 
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worin R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m t n, p und q die vorstehend angegebene Bedeutung haben und X* - 
N(R 9 ')-oder -CHN(R 10 ,R 11 )- bedeutet, in welchen jeder Rest R 9 ", R 10 ' und R 11 ' Wasserstoff, Alkyl, Aralkyl, 
Alkanoyl. Alkoxycarbonyl oder Aryloxycarbonyl bedeutet. 

mit Ammoniakunter Druck oder mit Hexamethyldisilazan und Methanol und, wo erforderlich, Abspalten irgend- 
einer Alkoxycarbonyl- oder Aralkoxycarbonylgruppe(n), vorhanden in dem Reaktionsprodukt, oder 

(b) fur die Herstellung einer Verbindung der Form el I, in welcher R 8 Wasserstoff bedeutet, Debenzylieren einer 
Verbindung der Formel I, in welcher R 8 Benzyl bedeutet, 

(c) falls gewunscht, Umwandeln einer sauren Verbindung der Formel I in ein pharmazeutisch geeignetes Salz 
mit einer Base, oder Umwandeln einer basischen Verbindung der Formel I in ein pharmazeutisch geeignetes 
Salz mit einer Saure. 

Ein Verfahren nach Anspruch 1, worin R 1 und R 3 zusammen eine Verbindungsstelle bilden und R 2 Wasserstoff 
bedeutet, X -N(R 9 )- bedeutet und jeder Index m, n, p und q fur 1 stent. 

Ein Verfahren nach Anspruch 1, worin R 1 und R 2 zusammen eine Verbindungsstelle bilden und R 3 Wasserstoff 
bedeutet, X -N(R 9 )- bedeutet, und jeder Index m, n und q fur 1 stent und der Index p fur 2 stent. 

Ein Verfahren nach irgendeinem der Anspruche 1 bis 3, worin jeder Rest R 4 , R 5 , R 6 und R 7 Wasserstoff bedeutet. 

Ein Verfahren nach irgendeinem der Anspruche 1 bis 4, worin R 8 Alkyl, bevorzugterweise Methyl, bedeutet 

Ein Verfahren nach irgendeinem der Anspruche 1 bis 5, worin R 9 Wasserstoff oder Alkyl, bevorzugterweise Was- 
serstoff oder Methyl, bedeutet 

7. Ein Verfahren nach Anspruch 1 oder irgendeinem der AnsprOche 4 bis 6, worin jeder Rest R 10 und R 11 Wasserstoff 
bedeutet oder jeder Alkyl, bevorzugterweise Methyl, bedeutet. 

8. Ein Verfahren nach Anspruch 1 , worin ein Produkt der folgenden Gruppe hergesteJIt ist: 

3-[6,7,8,9-Tetrahydrospiro[pyrido[1 ,2-a]indol-8,3'-pyrrolidin]-1 0-yQ-4-(1 -methyt-3-inddyl)-1H-pyrrol-2,5-dion, 
cis-3-[2,3,3a,4, 11,11 a-H exahydro-2 -methyl- 1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyl -3-indo- 
lyl)-1 H-pyrrol-2,5<lion, 

trans-3-[2,3,3a,4,1 1,11 a-Hexahydro-2-methyl-1 H-pyrroloP'^'tf.SlpyridoIl ,2-a]indol-10-yl]-4-(1 -methyl-3-indo- 
lyl)-1 H-pyrrol-2,5-dioa 

9. Ein Verfahren fur die Herstellung eines Medikaments, insbesondere eines entzOndungshemmenden, immunologi- 
schen, onkologischen, bronchopulmonaren, dermatologischen oder kardiovaskularen Medikaments, oder eines 
Medikaments fOr die Behandlung von Asthma, AIDS oder diabetischen Komplikationen, oder fur die Stimulation 
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des Haarwachstums, welches Verfahren das Einbringen einer Verbindung nach irgendeinem der Anspruche 1 bis 
8 in eine galenische Verabreichungsform, zusammen mit einem therapeutisch in erg en Trager mate rial, und, falls 
gewunscht, einer oder mehreren anderen therapeutisch aktiven Substanzen umfaBt 

5 10. Die Verwendung einer Verbindung nach irgendeinem der AnsprQche 1 bis 8 fur die Herstellung eines Medikaments 
gegen inflammatorische, immunologische, onkologische, bronchopulmonare, dermatologische oder kardiovasku- 
lare Stdrungen oder gegen Asthma, AIDS oder diabetische Komplikationen oder fur die Stimulation von Haar- 
wachstum. 

10 11. Verbindungen der allgemeinen Formel II 
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worin R 1 , R 2 , R 3 , R 4 t R 5 , R G , R 7 , R 8 , m, n, p und q die im Anspruch 1 angegebene Bedeutung haben und X' - 
N(R 9 )- oder -CHN(R 10 \R ir )- bedeutet worin jeder Rest R 9 , R 10 ' und R 1V Wasserstoff, Alkyl, Aralkyl* Alka- 
noyl, Alkoxycarbonyl oder Aryloxycarbonyl bedeutet. 

35 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

40 1 . Composes de formule generale 
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dans laquelle R 1 et R 3 ensemble torment une liaison et R 2 represente un atome d'hydrogene, ou R 1 el R 2 
ensemble forment une liaison et R 3 represente un atome d'hydrogene; R 4 R 5 , R 6 et R 7 represented chacun 
independamment un atome d'hydrogene ou d'halogene ou un groupe alkyle, halogenoalkyle. alcoxy, nitro, 
amino, alcanoylamino, aroylamino, alkylthio ou alkylsulfonyle; R a represente un atome d'hydrogene ou un 
groupe alkyle ou aralkyle; X represente un radical -NCR 9 )- ou -CHN(R 10 ,R 11 )- dans lequel R 9 , R 10 et R 11 repre- 
sentent chacun un atome d'hydrogene ou un groupe alkyle, aralkyle ou alcanoyle; m represente 0-2 et n repre- 
sente 1-3, etant entendu que la somme de m et n va de 1 a 3; p represente 0-4 et q represente 0-4, etant 
entendu que la somme de p et q va de 2 a 4 lorsque X represente -NCR 9 )-, que la somme de p et q va de 1 a 
5 lorsque X represente -CHN(R 10 ,R 11 )- et R 1 et R 2 ensemble forment une liaison, que la somme de p et q va 
de 0 a 4 lorsque X represente -CHN(R 10 ,R 11 )- et R 1 et R 3 ensemble forment une liaison, et que p represente 
1-4 lorsque X represente -N(R 9 )-, R 1 et R 3 ensemble representent une liaison et m est egal a 0, 
le terme "alkyle", seul ou en combinaison, designant un groupe alkyle a chaTne droite ou ramifiee contenant 7 
atomes de carbone au maximum, le terme "alcanoyle", seul ou en combinaison, designant un groupe alca- 
noyle derive d'un acide alcanoTque comportarrt au maximum 7 atomes de carbone, le terme "aralkyle" desi- 
gnant un groupe alkyle tei que def ini ci-dessus, dans lequel Tun des atomes d'hydrogene est remplace par un 
groupe phenyl e ou par un groupe phenyle portant un ou plusieurs substituants choisis parmi des atomes 
d'halogene et des groupes alkyle, halogenoalkyle et hydroxyle, et le fragment aroyle d'un groupe aroylamino 
etant derive d'un acide carboxylique aromatique qui peut eventuellement etre substitue par un atome 
d'halogene ou un groupe alkyle ou alcoxy, 

et sels pharmaceutiquement acceptables des composes acides de formule I avec des bases, et des composes 
basiques de formule I avec des acides. 

Composes selon la revendication 1, dans lesquels R 1 et R 3 ensemble forment une liaison et R 2 represente un 
atome d'hydrogene, X represente -NCR 9 )- et m, n, p et q representent chacun 1 . 

Composes selon la revendication 1, dans lesquets R 1 et R 2 ensemble forment une liaison et R 3 represente un 
atome d'hydrogene, X represente -NCR 9 )-, m, n et q representent 1 et p represente 2. 

Composes selon Tune quelconque des revendications 1 a 3, dans lesquels R 4 , R 5 , R 6 et R 7 representent chacun 
un atome d'hydrogene. 

Composes selon Tune quelconque des revendications 1 a 4, dans lesquels R 6 represente un groupe alkyle, de pre- 
ference le groupe methyle. 

Composes selon Tune quelconque des revendications 1 a 5, dans lesquels R 9 represente un atome d'hydrogene 
ou un groupe alkyle, de preference un atome d'hydrogene ou le groupe methyle. 
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7. Composes selon la revendication 1 ou i'une quelconque des revendications 4 & 6, dans lesquels R 10 et R 11 repre- 
sent en t chacun un atome d'hydrogene ou represented chacun un groupe alkyle, de preference le groupe methyle. 

8. Composes selon la revendication 1 , de I'ensemble constrtue par 



10 



la 3-[6 J,8,9-t6trahydrospiro[pyrido[1 .a-aJindole-S.S^pyrrolidinel-IO-ylJ^^I -m6thyl-3-indolyl)-1 H-pyrrole-2,5- 
dione, 

la cis-3-[2>3$*A,1 1.11 a-hexahydro-2-methyl-1 H-pyrrolo-[3',4':4,5]pyrido[1 ,2-a)indole-10-yl]-4-(1 -methyl-3- 
indolyl)-1 H-pyrrole-2,5-dione, 

la /ra/is-3-[2,3 ( 3a,4,1 1 ,11a-hexahydro-2-methyl-1 H-pyrrolo-P'^'tf.SlpyridoIl ,2-a]indole-10-yl)-4-(1 -methyl-3- 
indolyl)-! H-pyrrole-2,5-dione. 



9. Composes de formule generate 
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(CH 2 ) m c— (C H 2 ) q *' (CH 2 ) p R 1 

CH R 2 
R 3 



dans laquelle R 1 , R 2 , R 3 , R 4 . R 5 , R 6 . R 7 . R 8 . m. n. p et q ont les significations donnees dans la revendication 
1 et X' represente un radical -N(R 9 )- ou -CHN(R 10 ,R 1 1 )- dans lequel R 9 ', R 10 * et R 11 ' representent chacun un 
atome d'hydrogene ou un groupe alkyle, aralkyle, alcanoyle, alcoxycarbonyle ou aryloxycarbonyle. 



10. Composes selon Tune quelconque des revendications 1 a 8, pour utilisation en tant que substances actives anti- 
inflammatoires, immunologiques, oncologiques, bronchopulmonaires, dermatologiques et cardiovasculaires, en 

40 tant que substances actives dans le traitement de Pasthme, du SIDA ou de complications diabetiques ou en tant 
que substances actives pour la stimulation de la pousse des cheveux. 

11. Procede pour la preparation des composes selon Tune quelconque des revendications 1 k 8, lequel precede com- 
prend 



(a) la mise en reaction d'un compose de formule generate 
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dans laquelle R\ R 2 , R 3 , R 4 P R 5 , R 6 , R 7 , R 8 , m, n, p et q ont les significations donnees dans la revendication 
1 et X* represente un radical -N(R 9 )- ou -CHN(R 10, ,R 11 )- dans tequel R 9 ', R 10 et R 11 ' representent chacun un 
atome d'hydrogene ou un groupe alky I e, aralkyle, alcanoyle, alcoxycarbonyle ou aryloxycarbonyle, 
avec de 1'ammoniac sous pression ou avec de rhexamethyldisilazane et du methanol, et, si n6cessaire, rumi- 
nation de tout(tous) groupe(s) alcoxycarbonyle ou aralcoxycarbonyle presents) dans le produit de reaction, ou 

(b) pour la preparation d'un compose de fbrmule I dans lequel R a represente un atome d'hydrogene, la d6ben- 
zyiation d'un compose de formule I dans lequel R 8 represente le groupe benzyle, 

(c) si on le desire, la conversion d'un compose acide de formule I en un sel pharmaceutiquement acceptable 
avec une base ou la conversion d'un compose basique de formule I en un sel pharmaceutiquement acceptable 
avec un acide. 

12. Medicament, en particulier medicament antiinflammatoire, immunologique, oncologique, bronchopulmonaire, der- 
matologique ou cardiovasculaire, ou medicament pour le traitement de I'asthme, du SIDA ou de complications dia- 
betiques ou pour la stimulation de la pousse des cheveux, contenant un compose selon Tune quelconque des 
revendications 1 a 8 et un vehiculeth^rapeutiquemerrt inerte. 

13. Utilisation d'un compose selon Tune quelconque des revendications 1 a 8, pour la fabrication d'un medicament con- 
tre des troubles inflammatoires, immunologiques, oncologiques, bronchopulmonaires, dermatologiques ou cardio- 
vasculaires, ou centre I'asthme, le SIDA ou des complications diabetiques ou pour la stimulation de la pousse des 
cheveux. 



Revendications pour I'Etat contractant sulvant : ES 

1 . Procede pour la preparation de composes de formule generale 
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dans laquelle R 1 et R 3 ensemble forment une liaison et R 2 represente un atome d'hydrogene, ou R 1 et R 2 
ensemble forment une liaison et R 3 represente un atome d'hydrogene; R 4 , R 5 , R 6 et R 7 repr6sentent chacun 
independamment un atome d'hydrogene ou d'halogene ou un groupe alkyle, halogenoalkyle, alcoxy, nitro, 
amino, alcanoylamino, aroylamino, afkylthio ou alkylsulfonyle; R 8 represente un atome d'hydrogene ou un 
groupe alkyle ou aralkyle; X represente un radical -NfR 9 )- ou -CHN(R 10 ,R 1 1 )- dans lequel R 9 , R 10 et R 1 1 repr6- 
serrtent chacun un atome d'hydrogene ou un groupe alkyle, aralkyle ou aicanoyle; m represente 0-2 et n repre- 
sents 1-3, 6tant entendu que la somme de m et n va de 1 & 3; p represents 0-4 et q represents 0-4, etant 
entendu que la somme depetqvade2&4 lorsque X represente -Np 9 )-, que la somme depetqvadela. 
5 lorsque X represente -CHN(R 10 ,R 11 )- et R 1 et R 2 ensemble forment une liaison, que la somme de p et q va 
de 0 & 4 lorsque X represente -CHN(R 10 ,R 11 )- et R 1 et R 3 ensemble forment une liaison, et que p represente 
1-4 lorsque X represents -N(R 9 )-, R 1 et R 3 ensemble represented une liaison et m est 6gal k 0, 
le terme "alkyle", seul ou en combinaison, designant un groupe alkyle k chaine droite ou ramrfiee contenant 7 
atomes de carbone au maximum, le terme "aicanoyle", seul ou en combinaison, designant un groupe aica- 
noyle derive d'un acide alcanoique comportant au maximum 7 atomes de carbone, le terme "aralkyle" desi- 
gnant un groupe alkyle tel que def ini ci-dessus, dans lequel Tun des atomes d'hydrogene est remplace par un 
groupe ph6nyle ou par un groupe phenyle portant un ou plusieurs substituants choisis par mi des atomes 
d'halogene et des groupes alkyle, halogenoalkyle et hydroxyle, et le fragment aroyle d'un groupe aroylamino 
etant derive d'un acide carboxylique aromatique qui peut eventuellement etre substitue par un atome 
d'halogene ou un groupe alkyle ou alcoxy, 

et de sets pharmaceutiquement acceptables des composes acides de formule I avec des bases, et des com- 
poses basiques de formule I avec des acides, lequel proc6d6 comprend 
(a) la mise en reaction d'un compose de formule generate 



40 




20 dans faquelle R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 m, n, p et q ont les significations donnGes plus haut et X' repre- 

sents un radical -N(R 9 )- ou -CHN(R i0 ,R 11 )- dans lequel R 9 *, R 10 ' et R 1V represented chacun un atome 
d'hydrogene ou un groupe alkyle, aralkyle, alcanoyle, alcoxycarbonyle ou aryioxycarbonyle, 
avec de I 'ammoniac sous pression ou avec de I'hexamethyldisilazane et du methanol, et, si necessaire, reiimi- 
nation de tout (tous) groupe(s) alcoxycarbonyle ou aralcoxycarbonyle pr6sent(s) dans le produit de reaction, 

25 OU 

(b) pour la preparation d'un compose de formule I dans lequel R 8 represente un atome d'hydrogene, la deben- 
zylation d'un compose de formule I dans lequel R 8 repr6sede le groupe benzyle, 

(c) si on le desire, la conversion d'un compose acide de formule I en un sel pharmaceutiquement acceptable 
avec une base ou la conversion d'un compose basique de formule I en un sel pharmaceutiquement acceptable 

30 avec un acide. 

2. Procede selon la revendication 1, dans lequel R 1 et R 3 ensemble ferment une liaison et R 2 represente un atome 
d'hydrogene, X represente -NfR 9 )- et m, n, p et q represented chacun 1 . 

35 3. Precede selon la revendication 1, dans lequel R 1 et R 2 ensemble ferment une liaison et R 3 represente un atome 
d'hydrogene, X represente -NCR 9 )-, m, n et q represented 1 et p represente 2. 

4. Procede selon Tune quelconque des revendications 1 a 3, dans lequel R 4 R 5 , R 6 et R 7 represented chacun un 
atome d'hydrogene. 

40 

5. Procede selon Tune quelconque des revendications 1 a 4, dans lequel R 8 represente un groupe alkyle, de prefe- 
rence le groupe methyle. 

6. Procede selon Tune quelconque des revendications 1 a 5, dans lequel R 9 represente un atome d'hydrogene ou un 
45 groupe alkyle, de preference un atome d'hydrogene ou ie groupe methyle. 

7. Procede selon la revendication 1 ou Tune quelconque des revendications 4 a 6, dans lequel R 10 et R 11 represen- 
ted chacun un atome d'hydrogene ou represented chacun un groupe alkyle, de preference le groupe methyle. 

50 8. Procede selon la revendication 1 , dans lequel on prepare un produit de I'ensemble constitue par 

la 3-[6,7,8 p 9-tetrahydrospiro[pyrido[1 ,2-a]indole-8,3'-pyrrolidine[-1 0-yl]-4-(1 -m6thyl-3-indolyl)-1 H-pyrrote-2,5- 
dione, 

la c/s -3-[2,3,3a, 4,1 1,1 1a-hexahydro-^ 
55 indolyl)-1H-pyrrole-2,5*dione, 

la f/ans-3-[2,3,3a ( 4,1 1 ,1 1 a-hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indole-10-yl]-4-(1-methyl-3- 
indolyl)-1H-pyrrole-2,5-dione. 
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9. Utilisation d'un compost selon Tune quelconque des revendications 1 a 8, pour la fabrication d'un medicament con- 
tre des troubles inflammatoires, immunologiques, oncologiques, bronchopulmonaires, dermatologiques ou cardio- 
vasculaires, ou contre I'asthme, le SI DA ou des complications diabetiques ou pour la stimulation de la pousse des 
cheveux. 

10. Procede pour la fabrication d'un medicament, en particulier d'un medicament arrti-inflammatoire, immunologique, 
oncdogique, bronchopulmonaire, dermatologique ou cardiovasculaire, ou d'un medicament pour le traitement de 
I'asthme, du SIDA ou de complications diabetiques ou pour la stimulation de la pousse des cheveux, lequel pro- 
cede comprend la mise sous une forme d'administration galenique d un compose selon Tune quelconque des 
revendications 1 a 8, conjointement avec un vehicule therapeutiquement inerte et, si on le desire, une ou plusieurs 
autres substances therapeutiquement actives. 

Revendications pour I'Etat contraciant suivant : GR 

1 . Procede pour la preparation de composes de formule generale 



dans laquelle R 1 et R 3 ensemble torment une liaison et R 2 represente un atome d'hydrogene, ou R 1 et R 2 
ensemble torment une liaison et R 3 represente un atome d'hydrogene; R 4 , R 5 , R 6 et R 7 representent chacun 
independammerrt un atome d'hydrogene ou d'halogene ou un groupe alkyle, halogenoalkyle, alcoxy, nitro, 
amino, alcanoylamino, aroyl amino, alkylthio ou alkylsulfonyle; R 8 represente un atome d'hydrogene ou un 
groupe alkyle ou aralkyle;X represente un radical -NfR^-ou-CHNfR 10 ^ 11 )- dans lequel R 9 , R 10 etR 11 repre- 
sentent chacun un atome d'hydrogene ou un groupe alkyle, aralkyle ou alcanoyle; m represente 0-2 et n repre- 
sente 1-3, etant entendu que la somme de m et n va de 1 a 3; p represente 0-4 et q represente 0-4, etant 
entendu que la somme de p et q va de 2 a 4 lorsque X represente -NCR 9 )-, que la somme de p et q va de 1 a 
5 lorsque X represente -CHN(R 10 ( R 1 1 )- et R 1 et R 2 ensemble ferment une liaison, que la somme de p et q va 
de 0 a 4 lorsque X represente -CHN(R 10 ,R 11 )- et R 1 et R 3 ensemble torment une liaison, et que p represente 
1-4 lorsque X represente -N(R 9 )-, R 1 et R 3 ensemble representent une liaison et m est egal a 0, 
le terme "alkyle", seul ou en combinaison, designant un groupe alkyle a chaTne droite ou ramifiee contenant 7 
atomes de carbone au maximum, le terme "alcanoyle", seul ou en combinaison, designant un groupe alca- 
noyle derive d'un acide alcanoTque comportant au maximum 7 atomes de carbone, le terme "aralkyle" desi- 
gnant un groupe alkyle tel que def ini ct-dessus, dans lequel Tun des atomes d'hydrogene est remplace par un 
groupe phenyl e ou par un groupe phenyle portant un ou plusieurs substituants choisis parmi des atomes 
d'halogene et des groupes alkyle, halogenoalkyle et hydroxyle, et le fragment aroyle d'un groupe aroylamino 
etant derive d'un acide carboxylique aromatique qui peut eventuellement etre substitue par un atome 
d'halogene ou un groupe alkyle ou alcoxy, 

et de sets pharmaceutiquement acceptatrfes des composes acides de formule I avec des bases, et des com- 
poses basiques de formule I avec des acides, lequel procede comprend 
(a) la mise en reaction d'un compose de formule generale 
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20 dans laquelle R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m, n, p et q ont les significations donnees plus haut et X 1 repre- 

sente un radical -N(R 9 )- ou -CHN(R 10 I R 11 ')- dans lequel R 9 ', R 10 et R 11 ' represented chacun un atome 
d'hydrogene ou un groupe aikyle, aralkyle, alcanoyle, alcoxycarbonyle ou aryloxycarbonyle, 
avec de I'ammoniac sous pression ou avec de i'hexamethyldisilazane et du methanol, et. si necessaire, reiimi- 
nation de tout (tous) groupe(s) alcoxycarbonyle ou aralcoxycarbonyle presents) dans le produit de reaction, 

25 OU 

(b) pour la preparation d'un compose de formule I dans lequel R 8 represente un atome d'hydrogene, la d6ben- 
zylation dun compose de formule I dans lequel R 8 represente le groupe benzyle, 

(c) si on le desire, la conversion d'un compost acide de formule I en un sel pharmaceutiquement acceptable 
avec une base ou la conversion d'un compost basique de formule I en un sel pharmaceutiquement acceptable 

30 avec un acide. 

2. Proc6d6 selon la revendication I, dans lequel R 1 et R 3 ensemble torment une liaison et R 2 represente un atome 
d'hydrogene, X represente -NfR 9 )- et m, n, p et q represented chacun 1 . 

35 3. Precede selon la revendication 1, dans lequel R 1 et R 2 ensemble ferment une liaison et R 3 represente un atome 
d'hydrogene, X represente -NfR 9 )-, m, n et q repr6sentent 1 et p represente 2. 

4. Procede selon Tune quelconque des revendications 1 a 3, dans lequel R 4 , R 5 , R 6 et R 7 repr6sentent chacun un 
atome d'hydrogene. 

40 

5. Procede selon Tune quelconque des revendications 1 a 4, dans lequel R 8 represente un groupe aikyle, de prefe- 
rence le groupe methyle. 

6. Procede selon Tune quelconque des revendications 1 a 5, dans lequel R 9 represente un atome d'hydrogene ou un 
45 groupe aikyle, de preference un atome d'hydrogene ou le groupe methyle. 

7. Procede selon la revendication 1 ou Tune quelconque des revendications 4 a 6, dans lequel R 10 et R 11 represen- 
ted chacun un atome d'hydrogene ou represented chacun un groupe aikyle, de preference le groupe methyle. 

so 8. Procede selon la revendication 1 , dans lequel on prepare un produit de I'ensemble constitue par 

la 3-[6,7,8,9-tetrahydrospiro[pyrido[1,2-a]indole-8,3'-pyrrolicfine)-10-yl] 
dione, 

la c/s-3-[2,3,3a,4,11 J 1a-hexahydro-2 -methyl -1H-pyrro^ 
55 indolyl)-1 H-pyrroIe-2,5-dione, 

la frans -3-[2,3,3a,4, 11,11 a-hexahydro-2-methyl-1 H-pyrrolo[3\4':4,5]pyrido[1 ,2-a]indole-10-yl]-4-(1 -methyl-3- 
indolyl)-1 H-pyrrole-2,5-dione. 
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9. Proc6d6 pour la fabrication d'un medicament, en particulier d'un medicament anti-inflammatoire, immunologique, 
oncologique, bronchopulmonaire, dermatologique ou cardiovasculaire, ou d'un medicament pour le trartement de 
I'asthme, du SIDA ou de complications diabetiques ou pour la stimulation de la pousse des cheveux, lequel pro- 
cede comprend la mise sous une forme d'administration galenique d un compost selon Tune quelconque des 

5 revendications 1 a 8, conjointement avec un v6hicule therapeutiquement inerte et, si on le desire, une ou plusieurs 
autres substances therapeutiquement actives. 

1 0. Utilisation d'un compose selon Tune quelconque des revendications 1 a 8, pour ta fabrication d'un medicament con- 
tre des troubles inflammatoires, immunologiques, oncdogiques, bronchopulmonaires, dermatologiques ou cardio- 

10 vasculaires, ou contre I'asthme, le SIDA ou des complications diab6tiques ou pour la stimulation de la pousse des 
cheveux. 

1 1 . Composes de formule generale 
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dans laquelle R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , m, n, p et q ont les significations donnees dans la revendication 
1 etX' represente un radical -N(R 9 )- ou -CHN(R 10 ',R 11 ')- dans lequel R 9 ', R 10 ' et R 11 ' repr6sentent chacun un 
atome d'hydrog^ne ou un groupe alkyle, aralkyle, alcanoyle, alcoxycarbonyle ou aryloxycarbonyle. 
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